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Introduction: 
Spectroscopic studies of the light emitted Of absorbed by atoms and ions date 
from the early nineteenth century. From these studies, it gradually became clear that 
the particular wavelength of light associated with atoms of a given element is 
characteristic of that element and that spectra] information must therefore provide 
clues to the internal structure of the atom. 
The spectroscopy as a field of experimental and theoretical research has already 
contributed much to our knowledge concerning the physical nature of things. 
Knowledge not only of our own earth but of the sun, of interstellar space and of the 
distant stars. 
Due to revival of interest in the Astronomical and Plasma spectroscopy. the 
importance of studies in spectra emitted by neutral and ionized atoms has 
tremendously increased in the last few decades. For instance the identification of the 
forbidden transition of Fe XIV in solar spectrum by Prof Bengt Edlen revealed for the 
first time that the estimated temperature of corona must be of the order of millions vf 
degrees. The radiation from different atoms and ions produced by various light 
sources, when examined with a spectroscope reveals properties of the valance 
electron involved. This is due to the fact that the spectrum of each atom or ions is 
unique, is so far as it is a pattern of lines where wavelength and relative intensities are 
characteristic of that atom and ion only. 
The program of research on the spectral analysis of mUltiply ionized atoms 
started at Aligarh long back. Our laboratory has been engaged in providing data on 
multiply ionized atoms since last four decades. More than thirty different elements 
have been studied so far. This dissertation deals with the spectral studies of doubly 
ionized indium atom. The atomic structure of indium atom and its ions has received 
much interest both from spectroscopic point of view and in industrial applications. A 
few basic information about the indium is described below: 
Overview of Neutral Indium Atom: 
• Atomic Number: 49 
• Group: 13 
• Period: 5 
• Series: Metals 
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Atomic Structure of Indium 
• Atomic Radius: 2A 
• Crystal Structure: Tetragonal 
rAe ~LU 
a a 
• Electron Configuration: 
1s2 2S1p 6 3S2p6d lO 4S2p 6d lO 5s2p 
• Electrons per Energy Level: 2,8,18,18,3 
• Shell Model 
• Filling Orbital: 5pl 
• Number of Electrons: 49 
• Number of Neutrons (most common/stable nuclide): 66 
• Number of Protons: 49 
• Valence Electrons: 5s2p I ; For In III: 4dlO5s 
• Ionization Potential ( 1 eV = 8065.5447 cm-1) 
o First: 5.786 eV or 46667.241 cm-1 
o Second: 18.869 eV or 152188.76 em-I 
o Third: 28.03 eV or 226193 em-I 
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• Color of Indium: silvery-white 
• Sources of Indium: Found in certain zinc ores and is primarily produced as a 
by-product of zinc and lead smelting. Around 75 tons are produced each year 
world wide. 
Uses of Indium: 
Used to coat high speed bearings in solar cells, mirrors, regulators in nuclear 
power, photo cells, transistors and blood & lung research. Also used in low-melting 
point alloys for safety devices. 
In this dissertation, atomic structures of third spectrum of indium atom is 
studied using both theoretical and experimental approaches. Accurate transition 
probabilities and energy levels for different configurations are calculated with the 
help of atomic structure codes. A number of spectrograms are measured in the region 
280-2080 A for experimental verifications. The spectra were recorded in Antigonish 
(Canada). The basic procedure and technicalities involved will be discussed at length 
in the following chapters. Chapter 1 deals the basic theory of atomic structures and 
Chapter 2 describes the experimental details of the present work. The results of 
spectral analysis of In III. are discussed in Chapter 3. Energy levels and all classified 
lines along with their intensities are given at the end of the respective chapters. A 
sample output file of the measured and calibrated wavelength is given in appendix I 
and the spectrograms in appendix II. 
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CHAPTER-l 
Theoretical Background of Atomic Structure 
1.1: Theoretical Aspects: 
The Theory of Atomic Structure and Spectra was developed gradually. The 
previous century has seen great advances in science in general and in Atomic Physics 
in particular. The leading names linked to the discoveries of twentieth century are 
Plank (for suggesting quantum theory), Einstein (for giving the theory of relativity), 
Rutherford (for discovering nuclear atom), Bohr (for producing the theory of 
hydrogen atom), Heisenberg (for uncertainty principle), and Schr6dinger (for 
providing precise mathematical foundation to quantum theory). They are ranked with 
the great physicists of history. 
The first real success appeared in 1913 with Bohr's theory of hydrogen atom. 
The postulates of the Bohr Theory laid the foundation stone for the basic theory of 
atomic structure, which necessarily explains that the electrons do revolve around the 
nucleus in only certain specified orbits without loosing its energy. The energy loss or 
gain takes place only when it makes a transition from a higher to lower permitted 
orbits or vice versa. The quantum mechanical treatment by Schrodinger's wave 
equation gave a much better explanation to the existing theory of atomic structure and 
the spectra exhibited by them. It was possible to solve the Schr6dinger's wave 
equation for simpler cases like the spectrum emitted by the hydrogen atom. The exact 
solution of hydrogen atom could be found without much problem. However, when the 
active electrons are more than one or two, the situation is entirely different and it 
becomes almost impossible to find an exact solution of the Schrodinger's wave 
equation. Thus in such circumstances various approximations are used. One very 
commonly used is the Central Field Approximation. 
Systems where only single electron is present (e.g. in hydrogen atom), making a 
two-body problem, is rather easy to deal with. An exact solution of Schrodinger's 
wave equation for such a system can be obtained, with total agreement with the 
experiment. The normalized wavefunction for hydrogen atom [1] can be written as: 
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where 
and P nl is normalized so that 
r[~lr)rdr=l 
The addition of just one more electron in the system e.g. helium atom, makes it quite 
complex. However, very elaborate approximate solution of Schrodinger's wave 
equation have been set up, which give results agreeing with experiment within 
experimental error. This agreement has convinced physicists that Schrodinger's 
equation for many-body problem provides the correct starting point for the study of 
more complicated atoms. But the methods used for helium are too complicated to 
apply to atoms with more than two electrons, and we need to rely on simpler 
approximations for their treatment. Fortunately, we have approximations which are 
good enough to give us good qualitative and quantitative agreement with experiment, 
though with far larger errors. These approximations can be discussed as follows: 
1.2: Central Field Approximation: 
Central field approximation is one in which the electrons to the first 
approximation, are regarded to be moving independently in a field that arises as net 
result of positive charge of nucleus and average distribution of negative charges of 
electrons in the orbit. According to this approximation, various electrons are grouped 
together in an atom according to their quantum numbers nand e irrespective of 
mutual orientations of electron orbit and spins, hence one electron wave functions are 
taken with the same radial functions to represent all wave functions of anyone (n £) 
group. This approximation has been found good enough to explain the spectra of 
alkali metals in fair detail and satisfactory to provide size and energies of general 
atoms to a good approximation. 
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1.3: Self-Consistent-Field Method: 
We know that for any stationary quantum state of interest k we need to solve 
the Schrodinger's equation 
----------------- (II) 
where H is the Hamiltonian, E is the energy and 'l' is the wavefunction. 
The wavefunction for an atom with N-electrons can be constructed by taking the 
product of wave functions of all the electrons as: 
----------------- (TIl) 
The solution to equation (II) cannot be obtained at all for atoms having more than two 
electrons, and approximations of one sort or another are required. Hartree found that 
he could set up a manageable procedure for determining his self-consistent field, 
based on a method of iteration, or successive approximations. He used the final 
function of one step as the starting function of the next step. Fortunately he found that 
this process converged, by carrying through a number of cycles, he came out with 
wave functions which were self consistent, to a very good approximation. The wave 
function of an electron in such a spherical field is very similar to the hydrogenic 
function given in equation (I) with only difference in the radial function. 
1.4: Hartree-Fock Atomic Wavefunction: 
In 1930 J.C.Slater and V.A. Fock independently pointed out that the Hartree 
method did not respect the principle of anti symmetry of the wave function. 
Fock developed Hartree's equation further by using a wavefunction that is 
antisymmetric upon interchange of any two electrons coordinate by taking the linear 
combination of product functions. The antisymmetrized wavefunction has the 
property that if two orbitals are identical then 'P is identically zero, satisfying Pauli's 
exclusion principle. 
The anti symmetrized wave function may be written in the form of a determinant 
as: 
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.................................................. 
The linear combination of determinantal wavefunction will also satisfy the 
condition. However, this type of function will be very complicated to handle. 
The Hamiltonian H for an atom can be written in general as: 
---------- (V) 
where the first term represents the K.E. of the electrons involved, second that of 
the nucleus, the third one is the interaction between electrons and protons, fourth 
among protons and fifth among electrons, Hss represents spin-spin interactions and 
Hso represents spin-orbit interactions (it has a pronounced effect on energy level 
structure). Hhfs is the hyperfine structure Hamiltonian and Hetc stands for all additional 
effects left out so far. 
The difference between Hartree and Hartree Fock method is only that in former 
we are using the function (III) while in latter the function (IV), other treatment being 
exactly the same. Of course in the final expression of Hartree Fock method we are 
getting some extra terms as well. The presence of these terms greatly complicates the 
resulting set of integro-diffrential equations. Scientists therefore, attempted to modify 
it to make simple and physically more comprehensible. Slater's life long work is most 
important in this respect. It has been developed and described by Condon and 
Shortley [2] also. The recent book of C. F. Fischer [3] is valuable addition to the 
subject. 
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The Hartree-Fock method gives accurate result for light atoms, but a 
relativistic correction is necessary for heavy ones. The integro-differential equations 
involved in Hartree-Fock method are divided into smaller manageable integrals 
known as "Slater Parameters"( E avo Fk, G\ SnJ, and Rk). 
The Eav represents the average energy or the centre of gravity of the 
configuration and is given by: 
The integral Fk, Gk, Snl are electrostatic and spin-orbit parameters and give the 
term structure of a single configuration. These coefficients are independent of chosen 
configuration. 
Fk(nt n't') represents that part of the electrostatic energy which depends on 
orientation of f vectors and is responsible for the separation of terms with different L 
values with same spin in LS coupling, given as: 
Gk (nf n' C) give energy due to exchange forces which depend on the spin 
orientations. They cause splitting of the term with equal L but different total spin S. In 
case of equivalent electron like p2, p3 etc Gk parameters vanish.The mathematical 
expression for Gk is given below as: 
Gk - f f '" ()R'" () () () 2r(a y 2 2 
- R n,l, 'i nlJ r2 IRnJ/ 'i IR~I, r2 r(b tl 'i r2 dr,dr2 
Snl represents spin-orbit interaction energy. The magnetic spin-orbit interaction 
does introduce perturbation and gives the fine structure splitting of the terms (like the 
separation between 3pO, 3P1 & 3P2 etc). It is written as: 
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and 
R k parameters; it is found that levels of one configuration interact with those 
of the other, this intra-configuration interaction can be introduced through Rk integrals 
as: 
The description about the parametric theory was well described by R.D. 
Cowan in his book [4] which he completely developed in the form of a computer 
code for its numerical solution, popularly known as Cowan's Code. 
1.5: Cowan's Approach: 
Atomic spectra are interpreted using the Slater-Condon theory of atomic 
structure. The Cowan code is FORTRAN program which was developed by Robert D. 
Cowan at Los Alamos National Laboratory in 1968 for multi-electron configuration 
interaction Hartree-Fock (HFCI) solutions to the Schrodinger wave equation. He 
employed self-consistence field method for the calculation of atomic radial wave 
functions and of various radial integrals involved in the calculation of atomic energy 






These brief outlines also mention the standard filenames which the Cowan programs 
expect when executed. 
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(i) RCN: 
This gives the starting part of any ab initio calculation. All the basic input 
information like name of the element, its atomic number, ionization stage and orbital 
information etc. is always provided to the input file called "IN36". Each program 
automatically provides input information to the succeeding program. A typical 
example of the input file prepared to calculate the structure of In III for both the 
parities is given in Table 1.1. 
The program RCN calculates single configuration radial wave function P nl(r) 
for spherically symmetrized atom by using any of the following homogeneous 
differential approximation to Hartree-Fock method among the possible options 
Hartree (H), Hartree-Fock Slater (HFS), Hartree plus Statistical Exchange (HX), 
Hartree Slater (HS) and Hartree-Fock (HF). The frequently used methods are HX or 
HF. 
Apart from calculating Pnl(r) it also calculates the various radial integrals Rk, Fk, 
Gk, Snl and Eav for each configuration involved with approximate relativistic and 
correlation energy corrections. 
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!L~~C~Ulk·f(Ulg(:A.'.!J:f!!uJ..!LC}LIL<!I!!ir.; Sf r lic:.illl:C: 
Table1.1: An innut file to RCN for calculating In III 
structure 
200-90 0 2 01. 0.2 5.E-08 1. E-11-2 00190 0 1.0 0.65 0.0 1.0 -6 
49 3IN 3 5s 4010 581 
49 3IN 3 d95s2 409 582 
49 3IN 3 6s 4010 580 6S 
49 3IN 3 7s 4010 5S0 7S 
49 3IN 3 8s 4010 580 8S 
49 3IN 3 9s 4010 5S0 98 
49 3IN 3 lOs 4010 5S0 lOS 
49 3IN 3 11s 4010 580 l1S 
49 3IN 3 12s 4010 580 128 
49 3IN 3 5d 4010 5S0 50 
49 3IN 3 6d 4010 5S0 60 
49 3IN 3 7d 4010 580 70 
49 3IN 3 d95p2 409 580 5P2 
49 3IN 3 d95sd 409 5S1 501 
49 3IN 3 d95sp 409 581 5P1 
49 3IN 3 d9sf 409 581 4F1 
49 3IN 3 5p 4010 580 5P 
49 3IN 3 6p 4010 5S0 6P 
49 3IN 3 7p 4010 580 7P 
49 3IN 3 4f 4010 580 4F 
49 3IN 3 5f 4010 580 5F 
49 3IN 3 6f 4010 580 6F 
49 3IN 3 7f 4010 580 7F 
-1 
The first lines of the input file represents various controls (control card). 
Second line onward: first entry is atomic number of the element, next number 3 represents the third 
spectrum of Indium, next is orbital label and extreme right is the orbital distributions. 
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(ii) RCN2: 
The RCN2 program is an interface program that uses the output wave-
functions from RCN to calculate the various multiple configuration radial integrals, 
overlap integrals, configuration- interaction Coulomb integrals Rk and spin - orbit 
interaction integrals ~nl and radial electric dipole and electric quadruple integrals. It 
also calculates all the quantities required by the next program to calculate the energy 
levels and spectra of an atom/ion and prepares the input file for the next program 
RCG. There are two input files required for the execution of the RCN2 code. RCN2 
prepares an output file that serves as input to RCG. 
(iii) RCG: 
The angular factor of various matrix elements is computed by RCG program. 
It calculates the energy eigenvalues of each individual energy level, transition 
wavelength, its wavenumber and the transition probabilities of each transition 
involved in the system. It also has a provision to calculate the electric quadruple E2 as 
well as magnetic dipole Ml transitions. Beside that it calculates the LS percentage 
composition of the mixed levels when the system is complex. Finally the average 
purities of all the configurations of both parities in LS as well as in jj coupling 
scheme. It also calculates the lifetime of the excited states. In fact RCG provide the 
main output of the ab intio calculations. This program has an option to re-run with the 
least squares fitted parameters. The output file created by the RCG code is named 
outgll. This output file contains almost all relevant information about the 
calculation which has been performed. Two other output files are also produced if an 
option in the ingll file has indicated that the RCE program is to be used in 
conjunction with the RCG program. These are described in the next section. 
(iv) RCE : 
This is the last part of the Cowan's Code programs and is employed to obtain 
the real experimental energy parameters. When sufficient number of energy levels 
(more than 50 %) are known, they are used for least squares fitted calculations. The 
energy parameters so obtained are then used to calculate the unknown levels. This 
prediction is much closer to the real value. Moreover these new fitted parameters are 
used in RCG program to recalculate wavelengths, transition probabilities and 
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corresponding LS composition more accurately. This helps a lot to find out the levels 
with single transition or those levels with only one expected observable transition. 
Cowan Code Structure: 






Hartree-Fock approximation method (H, HFS, HFSL, HX, HS, HF).....-__ i_n_3_6_---. 
out36 (for each configuration) 
single configuration radial wavefunction (bound or free) {P nAr}} 
radial Coulomb integrals (p:k, Gk) (Slater-Condon integrals) 
spin-orbit integrals (Q 







I in2 in2 : 
RCN wavefunctions (PnAr» 
out2ing (for each configuration pair, <PnllPn'l'» RCN2 
CI Coulomb integrals (~) 
I electric dipole (E(1» and/or electric quadrupole (e2)} radial integrals I 
,~:::::: ~~:~ ~ ~:~:: ~:::::::::::::::::::::::::::::::::::::::::::: ~ ~~ T ~::::::: 
: ing11 (diagonalised matrices for each angular momentum (J» ingll 
eigenvalues (energy levels) 
eigenvectors (multi-configuration and 
intermediate couplin~ wavefunction~ RCG 
and lifetimes 
magnetic dipole (M(1 ), e') and/or e radiation spectra with 
wavelengths, oscillator strengths, radiative transition probabilities 
optional: photoionisation cross sections, autoionization transition p 
total lifetimes, autoionization branching ratios, plane-wave Born co 









for higher accuracy (of energy levels and wavefunctions), : 
input variables (Eav, p:k, d, s. and ~) are varied : 
iteratively using a least-squares fit. : 
I 
I Input file= RCEINP; Output file: Levels1 and PARVALS : 
: Output files : ._---------------------------------------------------------------------~---------~ 






RCN, RCN2 atomic radial wavefunctions 
RCG atomic energy levels and sp ectra .eav 
RCE least-squares fit of theory to 
#, e, j, cont, ep, jp, contp, delta 
e, fambda(a), s/pmax**2, gt, 
log gt, ga(sec-1), cf,brnch 

















1.6: Isoelectronic Sequences: 
It is often desirable to check the correctness of new identifications. For this 
purpose one very simple and accurate method is employed to check the regularities 
along the isoelectronic members. 
The term isoelectronic itself explains that the atoms or atomic ions involved 
contains the same number of extra nuclear electrons. For example if we consider Ag , 
Cd+, In2+, Sn3+, Sb4+, Te5+ .... having atomic numbers 47, 48, 49, 50, 51, 52 ... 
respectively. The singly ionized Cd, doubly ionized In, triply ionized Sn, and four 
times ionized Sb, all have the same number of extra nuclear electrons as neutral Ag. 
As a convention we write neutral Ag as Ag I, singly ionized Cd as Cd II, doubly 
ionized In as In III, triply ionized Sn as Sn IV and so on. The series Ag I, Cd II, In 
III, Sn IV, Sb V,." etc is termed as isoelectronic sequence [5] and named as Ag I 
like sequence the number written after the symbol of the element gives the net charge 
of the core i.e. Z-(N-l) where Z is the atomic number, n is the total number of extra 
nuclear electrons, this number is denoted by S often called spectrum number, for 
example S=l in above mentioned sequence denotes the spectrum of neutral Ag. 
Similarly S=2, 3, 4, ., . stand for singly ionized, doubly ionized, triply ionized atoms 
i.e. second spectrum of Cd, third spectrum of In, fourth spectrum of Sn etc. 
Since the number of extra-nuclear charges is the same all along the sequence, 
they should naturally possess the same spectral structure. Consequently, they show 
remarkable similarities among themselves, which are very useful in comparing the 
transitions and energy levels obtained by the analysis of new spectra. 
For comparison along the sequence if we plot the term Tn1j Vs Z we find only 
approximate trends because T nlj increases very rapidly with Z and the comparison 
fails to reveal even serious irregularities in the analysis. To over come this difficulty, 
Prof. B. Edlen [5] studied in a verity of ways the Z dependences on of the energy 
levels and other atomic regularities so as to get precise comparisons. The Enl/~ plot 
against ~ replaces steep upward trends of E V s ~ plots by downward slopes, already 
permitting the use of larger scales. Successful efforts have been made then to 
straighten these curves for higher members of the sequence by adding a suitable 
constant "c" to ~ so as to take the form E/( ~+c). This constant "c" is naturally more 
effective at the beginning of the sequence than for the higher members. It may be 
guessed from the equation Ed( SI+C) = E2/(S2+C) where EI the energy of lower 
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member of sequence, while E2 is the energy of same level of the higher member of the 
sequence. By this way it becomes possible to make the curve horizontal and smooth. 
Once a horizontal trend is obtained more and more sensitive scale may be chosen for 
desired precise comparison. This kind of representation is utilized generally for the 
ground configuration or the configurations having the same n value as ground. 
When n of the configurations concerned is different from that of the ground, the 
above mentioned representation fails to give horizontal curves in E/( S +c) vs Z plot, 
rather it gives an upward rising trends for higher members of the sequence. This 
upward slope is reduced by subtracting ~ (j H from E/(~ +c), the hydro genic term (J H 
IS gIven as 
or more precisely as 
tJ H 
2( 1 1 J O"H =Rt; -2 --2 





4 ---------- ("I) 
where R is Rydberg constant and n), n2 are the principal quantum numbers of 
the ground and other shell involved in the configuration concerned respectively. The 




Almost entire work is based on the experimental recordings in normal incidence 
wavelength region (A > 300A). The spectrograms used in the present work were 
mainly recorded at Antigonish laboratory (Canada) and they were measured, 
calibrated and analyzed at Aligarh. In the following sections the experimental 
procedure will be describe briefly. 
2.1: Light Sources: 
Light sources which provide clear observations of the spectra under 
investigation are a prerequisite to spectral analysis. There are a variety of light 
sources, the choice depending on the nature of requirements. Light sources are 
classified according to the spectrum they emit, as continuous or discontinuous. A 
continuous source is generally uninterrupted range of wavelength over a considerable 
region and by the absence of sharp lines or bands. Discontinuous sources show a 
number of sharp narrow bright lines in their spectrum. The sources used for obtaining 
the line spectra of chemical elements are manly classified as: 
• Flames source 
• Arc source 
• Spark source 
• Gaseous discharge 
The principal difference between flames, arcs and spark is the manner in which 
the excitation energy is supplied, for instance by combustion in the flame and by an 
electrical current in the arc and spark. The arc sources are quite good to produce 
spectrum of neutral atom only. It operates at low voltage but very high current. 
Usually this gives radiation in visible and ultraviolet wavelength region, thus it 
operates normally in open air. The hollow cathode is another good and very stable 
light source which works fine to produce lines of singly and doubly ionized atoms. 
Then the other source, like vacuum spark, sliding spark and triggered spark etc are 
- 17 -
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used to produce the spectrum of mUltiply ionized atoms. Since this work is based on 
the ionized atoms therefore, triggered spark and sliding spark which are most suitable 
sources to produced the spectrum of ionized atoms will be discussed in the next 
section. 
2.2: Triggered Spark Light Source: 
In the present spectral recordings, a modified spark source called triggered spark 
[6] was used to excite the spectrum. A fixed spark gap in which the discharge passes 
between two electrodes which is initiated by an auxiliary trigger electrode to which 
high-power pulses are applied at regular intervals by a pulse amplifier. The source is 
some what similar to vacuum spark source which is very well described by Bockasten 
[7], Svensson and Ekberg [8]. The main difference here is that one can have a much 
better controlled spark for very low voltages, say up to -2kV and as high as 15 - 20 
kV by a 30 kV trigger module TM -ilA pulsed transformer. The charging condenser 
bank was a 14.5~F fast charging low inductance capacitor chargeable up to 20 kV. 
According to the need a parallel combination of 14.5J.lF capacitors as well as big 
condenser bank of 120 J.lF (an assembly of three capacitors) are also used to obtain 
very high degree of ionization. Indium plates used here were recorded for the purpose 
of studying multiply ionized spectra like In III - In VIII using triggered spark. 
However, these ionization stages are also very well favoured in sliding spark source. 
Therefore, in recording indium spectra, both sources have been employed. For 
triggered spark source, a triggered module TM 11 is the main controller of the spark 
which is used to trigger the discharge. 
It is an integrated package consisting of a line voltage to D.C. power supply, a 
primary triggering circuit, a krypton switch tube and a pulse output 
transformer.Picture-l shows front and rear design of TM -11 A. The output is provided 
through ceramic high voltage bushing at the rear of the cabinet. The bushings provide 
limited d-c isolation between the pulse output and the ground of the cabinet. The 
pulse transformer is housed in an oil filled case. The trigger module can be operated 
by push button control from the panel, remotely by an accessory push button cable 
assembly, or by a low impedance pul~,=, generator connected through the front panel 
oscillator input jack. A voltage control provides variable output. 
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Experimental !Jell/ii, 
2.3: Sliding Spark Source: 
This is a different type of source and it operates at low voltages but very high 
current. In sliding spark source, an alumina or quartz spacer is used in between the 
aluminum electrodes (or any metallic electrodes). Picture-2 shows sliding spark 
source chamber with alumina spacer. Fast charging capacitors are used at low 
voltages (l ~ 2 k V) but at very high peak current. The spark between the electrodes 
slides through the spacer which is controlled by a rotating spark gap with the help of a 
motor. Peak current is monitored by oscilloscope. Usually at about 200-300 Amp 
peak current, lower ionization lines are recorded while for 400-2000 Amp moderate 
ionizations up to VI are easily recorded while for VII- X ionization stage a peak 
current up to 3000 or 4000 Amp is employed. The variation of peak current for 




2.4: The Spectrograph: 
The most suitable device for recording the spectrum photographically is the 
spectrograph. It is a powerful tool for the investigation of the nature and properties of 
the material emitting radiations, and for determining the structure of the radiating or 
absorbing atoms, ions or molecules. There are varieties of spectrographs which can be 
used to record the spectra [9-11] . Depending on the region of investigation, proper 
choice of the spectrograph is made. The work presented in this project covers the 
wavelength region from about 300 to 2080 A, recorded on a 3-m normal incidence 
vacuum spectrograph of Antigonish laboratory (Canada). 
This spectrograph is equipped with a holographic concave diffraction grating 
with ruling 2400 lines mm- I over a ruled surface of 65 X 150 mm2 giving fi rst order 
inverse dispersion 1.38SAJmm. The diameter of the vacuum tank which is made up of 
steel is slightly greater than 30 inches. The plate holder is designed in such a way that 
it forms part of the Rowland circle and matching the radius of curvature of the 
grating. It can be moved in the direction perpendicular to the plane of Rowland circle 
and hence several positions can be chosen without disturbing the vacuum system 
because of its proper arrangement. The length of the plate holder is about 30 inches; 
therefore, it can hold 2 X 15 or 3 X 10 inches plates easily. It takes about 5 - 6 hours 
of puinping before it is ready to expose the plates. Normally 10-5 - 10-6 torr of 
pressure is achieved during the experiment. However, in the source chamber the 
pressure remains a bit higher than the spectrograph tank. 
The spectrograph can be used in two different settings. In the first setting the 
angle of incidence is 9.5° and it covers the wavelength region from about 200 to 1230 
A. In the second setting the incident angle is 17.5° and it covers from about 1050 -
2080 A region, thus giving a fairly good overlapping region to find the 
correspondence in two sets of recordings. The schematic diagram showing normal 
incidence vacuum spectrograph in Fig 2.1. The complete experimental set up can be 







































2.5: Recording of Indium Spectrum: 
The spectrum of indium for the present work was mainly recorded on the 3-m 
normal-incidence vacuum spectrograph at St. Francis Xavier University, Antigonish 
(Canada) by Prof. Tauheed Ahmad using a triggered spark light source. The cavity of 
the Aluminum electrodes were packed by the Indium powder and these electrodes 
were connected to a fast charging capacitor chargeable up to 20 kY. The capacitors 
were charged to different voltages say from 2 kY to 7 kY for different tracks. Several 
exposures were taken on each plate at different conditions to have a reliable ionization 
separation. Recording conditions can be varied by varying charging potential as the 
energy is proportional to V 2 and by introducing an inductance coil in the circuit as 
higher induction quenches the higher ionizations. The higher ionization ions 
concentrated towards the anode where as the lower ionized ions are uniformly 
distributed in the gap between two electrodes. The inductance coil of varied number 
of turns was introduced into the discharge circuit to separate out lines belonging to 
different ionization stages. Thus on a particular track, only lines of singly and doubly 
ionized indium could be recorded and higher ionization lines could be completely 
eliminated with the introduction of higher number of turns in the discharge circuit. 
For the wavelength region 300A- 2080 A, Kodak short wave radiation (SWR) plates 
were used. They were developed in Kodak D-19 developer and fixed in F-5 Kodak 
rapid fixer. For SWR plates, the temperature of the developer and fixer was about 
20°C and developing time 2-3 minutes. After fixing the plates for about 20 minutes 
they are transferred to a tray of running water for about an hour. Finally it is left to 
dry for 30 - 40 minutes. 
2.6: Measurements and Calibration of Wavelength: 
The plates marked with impurity lines (oxygen, carbon and Aluminum) as 
references were measured on an Abbe comparator at A.M.U. Aligarh. The 
comparator can measure the position of sharp lines up to the accuracy of ± 0.0005 
mm which correspond to the wavelength accuracy of o.ooIA. The relative position 
:md intensity of each spectral line on the plate is noted down. Also, the character of 
each individual line is recorded like its shape, length, sharpness, broadness, polarity 
- 26-
or any other specialty the line might be showing. The data has been calibrated into the 
\vavelength by using the following relation: 
n 
A = I A (i)Xi 
i= 0 
where AU)'s are simply constants and x's is the relative position of a line with 
wavelength ' "A', are chosen as known standards. Generally, lines of Oxygen. 
Aluminum, Carbon and Nitrogen appear on the plates in the form of impurities, are 
taken as internal standards [12]. A computer program "MOSFIT" developed by J. G. 
Van Het Hof of Amsterdam [13] is used to calibrate the wavelength of the unknown 
lines. It fits a polynomial of up to a maximum of 10 degrees of freedom and it has the 
option to use large number of standards that allows minimizing the error in the fit. 
The accuracy of the wavelength measurements for unblended and sharper lines is 
better than ± 0.005A which gives an uncertainty (I1/J)'}) of 0.5 cm- I in the established 
level values at 1000 A and 0.125 cm-1 at 2000 A. 
2.7: Ionization Separation: 
As mentioned-above that various turns of inductance coils were introduced into 
the discharge circuit and different tracks were recorded. The introduction of inductance 
coil changes the energy across the electrodes and hence varies the excitation conditions. 
For higher ionization lines, normally the track without inductance coil is preferred as it 
contains the maximum number of lines of all ionizations. Similarly for lower ions the 
bottom track is chosen which is recorded with maximum turns of inductance coil thus it 
contains no higher ionization lines at all. Therefore, intensity variation of the lines on 
different tracks separates the lines of different ionization stages. The intensity of the 
higher ionization stages decreases sharply towards the lower tracks. For instance the lines 
belonging to In VI or In VII appear only on top track. However, for doubly ionized 
indium (In III) the intensity of the lines remains almost same throughout whereas it 
increases for singly ionized ions on the lowest track. This method provides a very reliable 
technique for correct ionization separation of various lines. 
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CHAPTER-3 
Spectrum of Doubly Ionized Indium: In III 
3.1: Review of the Earlier Work: 
Previous spectroscopic studies along the indium isonuclear sequence include 
photoabsorption in In I (14], optical emission [15] and photo absorption [16] in In II 
and emission in In III [17-19] and In IV [20,21]. Analysis of the Ag I isoelectronic 
sequence [22] suggested that strong configuration interaction was present in In III. 
However, In III is a comparatively known ion in this group of complex spectra. 
The first work on doubly ionized indium atom was started by Nodwell in 1955 
[17]. The ground state of the In III ion in the silver isoelectronic sequence is 4d l 05s 
2Sl/2 Nodwell has recorded indium spectra with a two meter normal incidence 
spectrograph and found some of the basic levels of doubly ionized indium. He has 
classified 56 lines in the interval 685A - 6197 A. Unfortunately, his instrument was 
not suitable for the spectral regions where most of the In III spectrum is found. 
Bhatia [18] continued this work by recording the emission spectrum of In III on 
a 3-meter normal incidence vacuum spectrograph in the range 340-6500 A using a 
disruptive electrodeless discharge and a spark in helium as light sources. He revised 
and extended the analysis establishing the following levels: 
4d IOns (n=5-+ 12), 
4d lonp (n=5-+9), 
4d lond (n=5-+9), 
4d IOnf (n=4-+ 7), 
4d10 ng (n=5-+9), 
4d l°nh (n=6-+9) 
4d95s5p. 
He also derived the ionization potential of In III to be 226191 em-I. 
The study of In III was further continued by Kaufman et al [22] subsequently 
and they analyzed core excitation from 4dlOSs - 4d9Ss5p transitions in the 
isoelectronic sequence from In III to Te VI and the energies of the levels of the 
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4d'lSsSp configuration were determined, this configuration lies below the ionization 
limit. The higher energy configuration 4d95snt like 4d95s4f and 4d95s6p as \vell as 
4d95p2 are located above the ionization limit 4d lO• Due to the autoionization, the 
transition lines from these levels have anomalously large widths and therefore, can be 
fairly reliably identified in emission spectra. 
Later, Kilbane et al [23] in 2005 studied the photoabsorption spectra of In II -
IV, recorded by dual laser plasma [DLP] technique. His group reported the 
transitions from 4d1oSs - 4d 95snf in photo absorption spectra from the ground state of 
In III (4d9 Ssnp, n = 6, 7, 10, 11) and (4d9 Ssnf, n = 4--d 1). They suggested that 
configuration interaction was present due to irregular behaviour of the fitted radial 
energy integrals for 4d9Ss5p. They could not observe 4d loSs - 4d9SsSp transition as 
they occur just outside the range of their spectrometer. 
Lastly, Ryabtsev et al [24] studied the radiative 4d lOSp - 4d95p2 transitions in the 
spectra of In III - Te VI in the range 2S0- 600 A with high resolution and found some 
energy levels of the 4d9Sp2 configuration in these ions. All levels in 4d9Sp2 
configuration in In III lie above the ionization limit and are autoionized to the 
adjacent continuum. By the beginning of the isoelectronic sequence, the 4d95p2 and 
4d9SsSd configurations approach each other so that their levels were overlapped to a 
large extent in In III. The interaction between the 4d9Sp2 and 4d9SsSd configuration is 
the main factor leading to violation of the isoelectronic regularities for the 4d9Sp2 
configuration in In III - Te VI series. 
3.2: Energy Level Structure of In III: 
The neutral indium atom has atomic number 49, therefore, the complete 
electronic distribution of doubly ionized indium will be as follows: 
ls2, 2s22p6, 3S23p63dlO, 4s24p64dlO, Ss 
As already mention, the ion of In III is like the neutral atom of silver, whose ground 
configuration is 4d lOSs and 2S)/2 as the ground most level. The term arising from the 
excited configurations used in analysis, are as follows: 
4d9Ss5p: eD) 2p3/2, 1/2, 2Ds/2, 3/2, 2F7I2,S/2 
eD) 2p3/2, 112, 2Ds/2, 3/2, 2F7I2,5/2 
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-l -to -IF p 5/2,3/2,1/2 , 7/2,5/2,3/2.1/2, 912,7/2.512,3/2 
4d9- 2 3 2 2 2F ~p: (P) PY2. 112. 0512.312, 712.512 
4 4 -IF P 5·2,3/2, J /2, 0 7/2.5/2,3/2.112, 9/2,7/2,5/2,3/2 
1 ., 2 "D 2F 2G ( D) -S 112, P 3/2, 112,- 5/2.3/2, 7/2.5/2 , 9/2,712 
(I S) 2D5f2. 3/2 
4d9 5s5d: (10) 2SJ/2, 2P3/2,1I2,20S12,3/2, 2F7I2,S12 ,2G9/2,7/2 
CO) 4S3/2, 4p 5/2.3/2,1/2 ,40 7/2,SI2,3/2,1I2. 4F 912.7/2,5/2,3/2, 
4 
G II/2 ,9/2,7/2,5/2 
4d9 5s4f: eD) 2P3/2,1I2 ,20S/2,3/2, 2F7I2,S/2 ,2G9I2 ,7/2, 2H9/2,11I2 
3 2 2 2F 2G 2H ( D) P3!2.1/2, 0 5/2,3/2, 7/2,5/2, 9/2,7/2, 9/2,11/2 
-I 4 4 4G 
P 5/2,3/2,1/2, 07/2,5/2,312,1/2, F 9I2 ,7/2,5/2,3/2. 11/2,9/2,7/2,5/2 
4 
H 1312,ll/2,9/2,7/2 
3.3: Analysis and Discussion: 
As mentioned above that a number of publications on In III appeared in the 
literature. Among these Bhatia's [18] analysis was more comprehensive and 
containing large number of configurations. However, with careful insight into these 
results, a number of irregularities were noticed in the Bhatia's results [I 8], for 
example several forbidden transitions were reported in this paper and many other lines 
did not match the In III characteristic on our plates. Secondly three levels of 4d9SsSp 
were revised by Kaufmann et al [22]. Moreover, Kaufman et al reported only 10 
levels out of 23 of the 4d9SsSp configuration and lastly, the latest analysis of 4d9Sp2 
by Ryabtsev et al [24] is also incomplete. They reported only thirteen levels out of 
twenty eight. These entire factors prompted us to investigate In III spectrum in more 
detail. Our spectrum covers 300 - 2080 A wavelength region, consequently, some of 
the transitions could not be confinned in the present work and they have been 
considered from earlier published work. 
Multi-configuration interaction code with relativistic corrections by R. D. 
Cowan [4] was employed to calculate the In III structure as shown in Fig 3.1, 
incorporating 4d IO(ns, n=S~ 12) + 4dIO(nd, n=5~9) + 4d IO(ng, n=5~9) + 4d9Sp2 + 
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4d85s25p + 4d95s5d and 4d95s2 configurations for even parity system and 4d 1o(np. 
n=5~9) + 4d1o(nf, n=4~7) + 4d95s5p and 4d95s4f configurations for odd parity 
matrix \vith ab initio scaling of the energy parameters as follows: 
Eav 100 % of the calculated HFR value 
Fk 85 % of the calculated HFR value 
1; 100% of the calculated HFR value 
Gk 75 % of the calculated HFR value 
Rk 75 % of the calculated HFR value 
{t chosen arbitrarily - 100 em-I 
This kind of scaling in Cowan's Code programs provides reasonably good 
predications. It was observed that 4d1onp, 4d95s5p and 4d 1onf are overlapping in odd 
parity system while 4d95s4f lies above the ionization limit. In even parity system 
4d95p2and 4d95s5d are overlapping and showing strong interaction as evident from 
the energy spread diagram in Fig 3.2. The analysis and interpretation of these 
configurations are described as follows: 
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Fig.3.2 The energy spread of various configuration in In III. 
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4d 10np configuration: 
The first resonance transition 4d1oSs - 4d1oSp were observed very strong on our 
plates, in fact they established the In III ionization characteristic. It was not difficult to 
identify the subsequent 4d1onp levels. We agreed with Bhatia's analysis up to 4d lDSp. 
Bhatia reported no splitting for 9p 2p!!2 and 2P3/2 and assigned 497.067 A line as 
transitions from 4d1oSs to 4d1o 9p 2p l/2, 3/2 • However, our calculation suggests that 
both 9p levels are well separated but inverted. His reported line was missing on our 
plate; therefore, we are doubtful about the Bhatia's 4d JO 9p 2P3/2 level. 
4d I Ons configuration: 
The 4d IOSp - 4d IOns transitions are also observed to be quite strong and we are 
able to observe transitions from 4d IDSp - 4d 1o (ns, n = 6~ 12). These levels have also 
been studied on isoelectronic plots and they were found to be quite regular as shown 
in Fig.3.3. We, therefore, confirmed these levels in the present work. 
4d10nd configuration: 
The 4d1oSp - 4d lond transitions were taken ne~t. Three transitions are possible 
between the 4d IOnp - 4d IOnd series. Two transitions namely 2pl/2 - 2D3/2 and 2P3/2 -
2Ds/2 are observed quite strong while the third satellite transition 2P3/2 - 2D3/2 was weak 
predicated, therefore, observed in Sp - 5d, 5p - 6d, 5p - 7d only. We could not see this 
transition in 8d and 9d levels. However, from the least squares fitted parametric 
calculations, their scaling factor seems to be quite regular. We, therefore, confirmed 
Sd and 9d levels also. A plot of the quantum defect () for this series against the 
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Fig.3.4: 4d1ond 2D series observed in In III.The quantum defect n-n* is 
ploted against the reduced term value(Ec-En)/Rs2 = lIn*. The term value 
corresponds to the centre of the doublet defined as [LJ(2J+ 1 )£J]/ LJ(2J+ 1). 
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4d9SS2 configuration: 
These are only two inverted 20 levels. The normal transitions are ohserved 
from -ld9SsSp configuration. However, due to its interaction with 4d9Sp2 and -ld9Ss4d 
confiourations. these two levels could be established through the observed transitions 
o ' -
from 4d1oSp 2p levels with moderate intensity. They were further contirmed by the 
observed transitions from 4d9SsSp levels. 
4d10nf configuration: 
The 5d - 4f transitions lie beyond our region of investigation (above 2000A) 
were, therefore, could not be confirmed in the present work. However, these levels 
were well established by Nodweliiong back in 19S5 and they also reported Sg, 6g and 
7g levels by observing transitions from 4f. Therefore, the repeated appearance of the 
4f interval with 5g, 6g and 7g transitions indicate the correctness of the 4f levels. 
These levels are compiled in AEL [25] and later confirmed by Bhatia [18]. The 
4d 1oSd - 4d 1oSf transitions do lie in our region of investigation. We observed a 
satisfactory pair from Sd 2D3/2 and 205/2, thus confirming Sf 2Fs/2 The 5f 2F712 level 
also gives two transitions, one from 5d 2Ds/2 and other from 4d9Ss2 2Ds/2 was also 
found satisfactory. It agrees well with theoretical predication and the Sf 2F interval 
was found at to be inverted. We confirm the only one reported level 6f 2F 5/2 of Bhatia, 
however, we established new 2F712 level. The 6f levels were strongly mixed with the 
levels of 4d9Ss5p configuration. They, therefore, show larger deviation in the least 
square fitted calculations. Bhatia had reported un-splitted 7f levels. We could not see 
his identified lines on our plate therefore, his 7f levels could not be confirmed and 
both levels have been newly established. 
4d10ng & nh configuration: 
Neither 4f~5g, 6g, 7g nor 5g~6h, 7h, 8h transitions lie in our wavelength 
region, therefore, could not be confirmed in the present work. We have compared 
with theoretical calculations and they appear to be satisfactory. The 4f~8g and 9g 
transitions do lie in our wavelength region but they are too weak to be verified. We 
have included in our LSF calculations for the sake of completeness. 
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4d9SsSp configuration: 
A number of levels from this configuration were reported by Bhatia [l81· 
Kaufmann et al [22] revised three levels of this configuration by observing transitions 
from the ground level 4d 105s 2S112 thus connecting only J= 112 and 3/2 levels. The 
remaining levels of Bhatia (with J= 5/2, 7/2 and 9/2) still remain to be verified. Since 
these transitions [4d105s - 4d9SsSp] lie well within our wavelength region. were 
therefore, considered next. We agreed with six levels of Joshi but revised four levels. 
The ionization separation in this wavelength region was so clear that new levels can 
be found with full satisfaction. The highest J= 3/2 level was not reported by 
Kaufmann et al [22] has now been found at 203332 em-I. This level was reported by 
Bhatia at 202132 em-I has been rejected. The other J= 5/2 and 712 levels of 4d95sSp 
\\ere established through the transitions from 4d95s2 and from a few known levels of 
4d9Sp2 configurations. We could confirm only six levels of S/2 and 7/2 of Bhatia and 
established five new levels. The missing J= 9/2 level is now being established. 
Therefore, all 23 levels of this configuration have now been found. The detail energy 
level structure of 4d9SsSp configuration is represented in Fig 3.S. It would be 
appropriate to point out that Bhatia reported several two electron jump transitions like 
4d l oSd - 4d9SsSp; however, our relativistic Hartree - Fock calculations predict very 
low transition probabilities of such transitions, consequently we did not observe any 
of them. In fact some of those which lie in our wavelength region did not satisfy the 
ionization characteristic of In III lines. We, therefore, reject these transitions and 
attribute them as just chance coincidences. 
4d9Ss4f configuration: 
This is another configuration which arises due to core excitation. It has large 
energy spread and containing 39 levels. Since ground configuration contains only one 
, 
-S 1/2 level, therefore, only J= 112 and 312 levels of this configuration can be located 
through the transition from ground configuration. Kilbane et al [23] have studied this 
configuration by photoabsorption techniques and reported ten levels belonging to J= 
1/2 and 3/2. They also used Cowan's code to predict the spectrum. On Ollr plates, 
these transition lie in shorter wavelength region where reflectivity of the grating falls 
considerably in normal incidence setting. Therefore, these transitions appeared very 
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weak on our plates. Secondly a large number of In V [26] transitions overlap in this 
region. Therefore, it \vas very difficult to pick up In III line with full satisfaction for 
this array. Moreover, these levels lie above the ionization limit consequently. have 
very little population. They could not be located in this work. However, we run least 
squares fitted parametric calculations to provide a precise prediction of the remaining 
levels of 4d'JSs4f configuration. Since this contiguration \vas interacting moderately 
with 4d9SsSp and other odd parity configurations, it was therefore, necessary to 
incorporate this configuration in the configuration interaction (CI) calculations. 
Ryabtsev et al [24] published thirteen levels of this configuration through the 
observed transition from 4d IOSp. It is imp0l1ant to note that all the levels of this 
configuration lie above the ionization limit. It was difficult to find a reasonable 
population above the ionization limit. We, therefore, have tried to establish the 
remammg levels of 4d9Sp2 configuration through both 4d10Sp and 4d9SsSp 
configurations. Certainly it was advantageous to see the broad lines due to continuum 
effect but only the strongest transition could be observed. Not many pair we found to 
confirm these levels. However, the lines used to locate these levels have definite In III 
characteristic and fitting well in our least square fitted calculations along with the 
earlier reported levels by Ryabtsev et al [24]. We, therefore, feel satisfied with the 
analysis. One great advantage of studying this configuration was that the remaining 
J= 9/2 level of 4d9SsSp configuration could be established satisfactorily. The detail 
energy level structure of 4d9Sp2 configuration is represented in Fig 3.5. We noticed 
good agreement with theoretical calculations. Over all standard deviation of the least 
square fitted parametric calculations for even and odd parity was found to be 246 and 
266 cm-) respectively. 
All the levels observed and Least squres Fitted (LSF) energy levels for even and 
odd pairty are given in Table 3.1 and Table 3.2 respectively and the corresponding 
energy parameters are given in Table 3.3 and 3.4 respectively. One hundred and 
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Fig: 3.5 Level structure of 4d9SsSp configuration of In III. 
-40-
25.6 
25.4 fp)"? fp)2p 
25.2 fp)1= (;:'1' 
r~4p 25.0 (;:'20 
24.8 C~u (;:,~ 
'7 
E 24.6 (i:?~ fp)4p u r~2D f~2G "<t a 
or- 24.4 (3~4F 
x C~2p (i:?~ 
W fp)40 24.2 (i:?2F 
24.0 C~u C~1= 
23.8 
(i:?~ 
C~~ f~1' r~~ CD)2G 23.6 
(i:?~ 
23.4 
J= 1/2 J=212 J=5'2 J=712 J =9'2 
J 
Fig: 3.6 Level stlUcture of 4d9Sp2 configuration ofIn III. 
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3.4: Ionization Potential: 
Since more than one three member senes is known in In III (ns, and ng) 
therefore, its ionization potential can be determined with good accuracy. We have 
employed ns series and calculated I.P. thrice using 6s, 7s, 8s: 7s. 8s, 9s and 8s. 9s. lOs 
series. We found its average value at 226160 ± 14 cm-'. Using 5g, 6g, 7g; 6g, 7g. 8g. 
and 7g, 8g, 9g series the values obtained were 226188, 226197 and 22619S cm-' 
respectively. We, therefore adapted the average value obtained from ng series at 
226193cm-'. 
3.5: Conclusion: 
Extensive analysis of In III has been carried out in this project for which a 
comprehensive wavelength line list was prepared in the wavelength region 300 - 2080 
A covering more than 6100 spectral lines within the accuracy of ± O.OOS A. Hartree-
Fock calculations with relativistic corrections were performed involving 11 
configurations for odd parity matrix and 21 configurations for even parity system. 
Earlier published analysis was re-investigated thoroughly and 26 levels were revised. 
The analysis was further extended to complete the partially known 4d9SsSp and 
4d9Sp2 configurations. Now all the 23 levels of 4d9SsSp and 39 levels of 4d9Sp2 
configurations are known. The Least squares fitted (LSF) parametric calculations 
were utilized to produced the final LS percentage composition of the levels. In all we 
have studied 32 configurations involving a total number of lOS experimental energy 
levels. Beside that the remaining levels of 4d9Ss4f were also predicted more precisely 
due to the least squares fitted calculations. A total of 114 spectral lines have been 




Table 3.1: Observed and Least Squares Fitted (LSF) energy levels 
in cm -1 of the even parity configurations of In III 
.J E(obs) E(LSF) diff. LS-composition 
1/2 0.1 0.0 0.1 99% 4d105s 28 
126877.4 126877.0 0.4 100% 4d106s 28 
169432.1 169432.0 0.1 100% 4d107s 28 
189369.7 189370.0 -0.3 100% 4d108s 28 
200354.7 200355.0 -0.3 100% 4d109s 28 
207066.1 207066.0 0.1 100% 4d1010s 28 
211454.1 211454.0 0.1 100% 4d1011s 28 
214500.1 214500.0 0.1 100% 4d1012s 28 
237144.1 237156.0 -11.9 48% 4d95p2 (10) 28 + 20% 4d95p2 (10) 2p 
+ 11% 4d95s'5d eO)2S + 9% 4d95s5d eO)28 
242476.3 242122.0 354.3 94% 4d95p2 ep) 40 
243421.7 244004.0 -582.3 40% 4d95p2 (10) 2p + 18% 4d95s5d eO)2p 
+ 16% 4d95p2 (10) 2S + 10% 4d9Sp2 ep)2p 
251163.4 250976.0 187.4 71% 4d9Sp2 (3p ) 2p + 11% 4d9 Sp2 ep) 4p 
+ 5% 4d95s5d eO)2p + 4% 4d9Sp2 eO)2p 
253762.0 35% 4d95s5d (30 ) 4p +31% 4d9 Ss5d eO) 4D 
+ 19% 4d95s5d (10)2p + 6% 4d95s5d eO) 2p 
254002.1 254132.0 -129.9 77% 4d95p2 ep) 4p + 15% 4d95p2 ep)2p 
255810.0 55% 4d95s5d eD)4p +17% 4d9Ss5d (10) 2p 
+ 13% 4d95s5d eD) 40 + 8% 4d95s5d eO)2p 
260304.0 53% 4d9SsSd eD) 40 + 29% 4d95s5d eD) 2p 
+ lS% 4d9SsSd eD) 2p 
264936.0 57% 4d9SsSd (1D) 28 + 19% 4d95p2 (1D) 28 
9% 4d9SsSd (10) 2p + 4% 4d9SsSd eD) 4p 
270897.0 2S% 4d9Ss5d eO) 2p + 23% 4d9Ss5d eD) 28 
+ 20% 4d95sSd (10) 2S + 19% 4d9Sp2 eO) 2p 
275944.0 56% 4d9Ss5d eD)2S + 13% 4d95sSd eD) 2p 
+ 11% 4d9Sp2 eO)2S + 10% 4d9Sp2 (10) 2p 
3/2 122417.4 122416.0 1.4 96% 4d95s2 20 
1284S6.2 12848S.0 -28.8 98% 4d1OSd 20 
170533.6 170534.0 -0.4 100% 4d106d 20 
190034.9 190035.0 -0.1 100% 4d107d 20 
200779.4 200779.0 0.4 100% 4d108d 20 
207336.9 207337.0 -0.1 100% 4d109d 20 
237143.1 237438.0 -294.9 41% 4d95p2 eD)2p + 15% 4d95s5d eO) 2p 
+ 11% 4d9Sp2 ep)40 + 10% 4d95p2 eO) 2D 
238829.9 238612.0 217.9 60% 4d9Sp2 ep)40 + 14% 4d9Sp2 ep) 20 
+ 13% 4d95p2 eO)2p + 6% 4d95p2 (3 p ) 4F 
245706.0 245658.0 48.0 44% 4d95p2 ep)20 + 18% 4d95p2 eD) 2D 
+ 16% 4d95p2 ep) 4p + 9% 4d95s5d eD) 2D 
246479.3 246688.0 -208.7 87% 4d9Sp2 ep)4F + 5% 4d95p2 (3 p ) 4p 
247S58.0 247755.0 -197.0 38% 4d9Sp2 ep)20 + 23% 4d9Sp2 eO) 20 
+ 15% 4d9SsSd eO) 20 + 9% 4d95p2 ep)2p 
250154.0 59% 4d9Ss5d eO) 48 + 15% 4d95s5d eD) 4p 
+ 7% 4d95p2 ep) 4p + S% 4d9Sp2 ep)2p 
250499.9 250307.0 192.9 2S% 4d9Sp2 ep)4p + 16% 4d95p2 ep) 2p 
+ 16% 4d9SsSd eD)4S + 8% 4d95p2 ep)40 
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253261.0 38% 4d95s5d (30 )40 + 26% 4d95s5d eO) 4p 
+ lS% 4d9Ss5d eO) 2p + 6% 4d9Ss5d eO) 48 
253711.3 2S3836.0 -124.7 54% 4d95p2 ep)2p + 34% 4d95p2 ep) 4p 
255579.0 33% 4d95s5d eO) 20 +27% 4d95s5d eO) 4F 
+ 13% 4d9Ss5d eO) 4p + 10% 4d95s5d eO) 40 
259137.0 37% 4d95s5d eO) 4p +17% 4d95s5d eO) 2p 
+ 14% 4d9SsSd eO) 4S + 7% 4d9SsSd eO) 2p 
260S16.0 31% 4d9SsSd eO) 40 + 28% 4d9Ss5d eO) 4F 
+ 25% 4d9SsSd eO)2p + 13% 4d9SsSd eO)2p 
261755.0 36% 4d95s5d (30 ) 4F + 34% 4d9 SsSd eO)20 
+ 16% 4d9SsSd eO) 20 
267850.0 23% 4d9SsSd eO)2p + 22% 4d9Sp2 eO)2p 
+ 20% 4d9SsSd eO)2p + 10% 4d9Ss5d eO) 20 
272724.0 S2% 4d9Sp2 (1S) 20 + 11% 4d9Ss5d eO) 2p 
+ 10% 4d9SsSd eO) 20 + 9% 4d9Sp2 eO)2p 
278380.0 34% 4d9Sp2 (1S) 20 + 27% 4d95p2 eO)20 
+ 20% 4d9SsSd eO) 20 + 9% 4d95s5d (10) 20 
5/2 115S70.7 115571. 0 -0.3 97% 4d95s2 20 
128746.6 128718.0 28.6 99% 4d105d 20 
170716.1 170716.0 0.1 100% 4d106d 20 
190130.3 190130.0 0.3 100% 4d107d 20 
200834.2 200834.0 0.2 100% 4d108d 20 
207380.1 207380.0 0.1 100% 4d109d 20 
235258.1 235287.0 -28.9 59% 4d9 5p2 ep) 40 + 11% 4d95p2 ep)20 
+ 8% 4d95p2 ep) 4F + 7% 4d9Sp2 eO) 20 
239984.S 239914.0 70.S 3S% 4d9Sp2 (10) 20 + 15% 4d9SsSd eO) 20 
+ 11% 4d9 5p2 ep)2F + 10% 4d9Sp2 ep) 4p 
241378.1 241309.0 69.1 49% 4d95p2 ep) 2F + 21% 4d95p2 (3 p ) 4F 
+ 14% 4d95p2 ep) 4p + 11% 4d9Sp2 ep) 40 
246500.2 246038.0 462.2 6S% 4d9Sp2 (3p ) 4p + 13% 4d9Sp2 ep) 40 
+ 4% 4d95s5d eO) 20 
247676.0 247917.0 -241.0 41% 4d9Sp2 ep)4F + 22% 4d95p2 eO)2F 
+ 16% 4d95p2 (3p ) 2F + 12% 4d95sSd eO) 2F 
25020S.1 250045.0 160.1 49% 4d95p2 ep)20 + 11% 4d95p2 eO) 2F 
+ 10% 4d9SsSd eD)20 + 8% 4d95p2 eO)20 
251825.2 251806.0 19.2 24% 4d95p2 ep) 20 + 16% 4d95s5d eO) 2F 
+ 15% 4d95p2 ep)4F + 14% 4d9Sp2 (3 p ) 2F 
252306.0 65% 4d95s5d (30 ) 4p + 32% 4d95s5d eO) 40 
254380.0 31% 4d9SsSd (30 ) 4F + 24% 4d95sSd eO) 40 
+ 17% 4d9SsSd eO)4p + 14% 4d95sSd eO) 20 
25S610.0 32% 4d95s5d (30) 4G + 28% 4d9SsSd ctO) 2F 
+ 1S% 4d9SsSd eO) 40 + 7% 4d9SsSd (30 ) 4F 
2S9332.0 S8% 4d9Ss5d eD) 4G + 2S% 4d9Ss5d eO) 4F 
+ 9% 4d9Ss5d eO)2F + 4% 4d9SsSd eO) 40 
261234.0 24% 4d9SsSd (30 ) 40 +21% 4d9SsSd (10)2F 
+ 16% 4d9SsSd (10) 20 + 14% 4d95s5d eO) 4F 
262400.0 30% 4d9SsSd (10) 20 + 21% 4d9Ss5d eO) 4F 
+ 19% 4d9SsSd eO) 20 + 15% 4d95s5d (10) 2F 
265611. 0 68% 4d9Sp2 eS)20 + 12% 4d95s5d (1D) 20 
+ 9% 4d9SsSd eO)20 
271631. 0 27% 4d95p2 (10) 20 + 22% 4d9 5p2 (lS) 20 
+ 19% 4d95sSd eO) 20 + 12% 4d9SsSd eO) 20 
277857.0 32% 4d95p2 (10)2F 7 31% 4d95s5d eO)2F 
+ 16% 4d9Ss5d ctO)2F + 8% 4d9Sp2 (10) 20 
-44-
7/2 186526.5 186526.0 0.5 100% 4d105g 2G 
198654.4 198654.0 0.4 100% 4d106g 2G 
205966.0 205966.0 0.0 100% 4dI07g 2G 
210712.0 210712.0 0.0 100% 4dIOSg 2G 
213965.9 213965.0 0.9 100% 4d109g 2G 
236419.1 236335.0 84.1 86% 4d95p2 ep)40 + 9% 4d9Sp2 ep) 4F 
240729.5 241173.0 -443.5 26% 4d9Sp2 (10)2F + 23% 4d95p2 (3p ) 4F 
+ 15% 4d9Sp2 eO)2G + 13% 4d9SsSd eO) 2F 
243396.6 243132.0 264.6 40% 4d95p2 (3p ) 4F + 16% 4d95p2 eO) 2G 
+ 15% 4d95p2 ep) 2F + 11% 4d9Sp2 ep) 40 
245460.1 245694.0 -233.9 32% 4d95p2 (10) 2G + 24% 4d95p2 eO)2F 
+ 15% 4d95sSd eO)2F + 13% 4d9Ss5d eO) 2G 
252814.4 252760.0 54.4 S9% 4d9Sp2 ep)2F + 27% 4d9 5p2 (3p ) 4F 
+ 6% 4d95s5d eD) 2G 
253100.0 65% 4d95s5d eO) 40 + 24% 4d95s5d eO) 4F 
+ 8% 4d9Ss5d eO) 4G 
253736.0 49% 4d9Ss5d eO) 4G + 20% 4d95s5d (10) 2G 
+ 16% 4d9Ss5d eO) 40 + 5% 4d95s5d eO) 2G 
255414.0 42% 4d9Ss5d en)4F + 22% 4d9SsSd (10) 2G 
+ lS% 4d9Ss5d en)2F + 8% 4d9Ss5d eO) 4n 
260211.0 40% 4d95s5d eO)4G + 30% 4d9SsSd eO)2G 
+ 15% 4d95sSd eO)4F + 12% 4d9SsSd eO) 2G 
262686.0 47% 4d9SsSd en)2F + 24% 4d9SsSd eO) 2F 
+17% 4d9SsSd eO) 4F + 9% 4d9SsSd eO) 4n 
27021S.0 27% 4d95p2 (In) 2F + 24% 4d9Ss5d eO) 2F 
+ 20% 4d9Ss5d (In) 2F + 12% 4d9Ss5d eO) 2G 
274942.0 31% 4d9SsSd eO)2G + 24% 4d9Sp2 (10) 2G 
+ 15% 4d95s5d en)2G + 11% ~d9Sp2 eO)2F 
9/2 186526.5 186527.0 -O.S 100% 4d105g 2G 
198654.0 198654.0 0.0 100% 4d106g 2G 
205966.5 205966.0 0.5 100% 4d107g 2G 
210712.0 210712.0 0.0 100% 4d1OSg 2G 
213964.0 213965.0 -1.0 100% 4d109g 2G 
236963.2 237240.0 -276.8 62% 4d9Sp2 (10) 2G + 23% 4d95sSd eO) 2G 
+ 9% 4d95p2 ep) 4F + 5% 4d'5s5d eO) 2G 
244201.0 243942.0 259.0 90% 4d9Sp2 ep) 4F + 5% 4d95p2 (10) 2G 
+ 4% 4d95s5d eO)2G 
252697.0 78% 4d9Ss5d en)4G + 10% 4d9Ss5d eO) 4F 
+ 8% 4d95sSd (In) 2G 
254413.0 81% 4d9SsSd eO) 4F + 11% 4d95s5d eO) 2G 
+ 5% 4d9Ss5d en)2G 
261182.0 41% 4d9Ss5d (10) 2G + 29% 4d95sSd eO) 2G 
+ 19% 4d9SsSd en)4G + 9% 4d9Ss5d en) 4F 
267347.0 36% 4d95sSd en)2G + 33% 4d9SsSd (10) 2G 
+ 31% 4d9Sp2 (In) 2G 
11/2 2S2030.0 100% 4d9SsSd en)4G 
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Table 3.2: Observed and Least squares Fitted (LSF) energy levels 
in cm-1 of the odd parity configurations of In HI 
J E(obs) E(LSF) diff. LS-composition 
1/2 57181.0 57181.0 0.0 100% 4dtOSp 
, 
-p 
144589.1 144589.0 0.1 100% 4dt06p 2p 
171317.1 171866.0 -S48.9 82% 4d9SsSp eO) ~p + 9% 4d~Ss5p (ID) 2p 
+ 8% 4d9Ss5p eO) ~O 
177261. 4 177285.0 -23.6 82% 4dt07p 2p + 10% 4d95s5p (to)2p 
+ 5% 4d95s5p eO) 2p 
178187.4 178168.0 19.4 43% 4d95s5p eO) 2p + 20% 4d95s5p eO)~O 
+ 15% 4d9Ss5p eO) 4p + 14% 4d107p 2p 
179318.2 179166.0 152.2 71% 4d95s5p eO) 40 + 16% 4d95sSp (10) 2p 
+ 8% 4d9SsSp CO) 2p 
193938.0 193798.0 140.0 96% 4dl O8p 2p 
198382.8 198206.0 176.8 71% 4d9SsSp (30 ) 2p + 19% 4d9SsSp (1 0 ) 2p 
+ 5% 4dl O9p 2p 
201180.7 201144.0 36.7 95% 4dl O9p 2p 
286071.0 94% 4d94f5s ep) ~p + 6% 4d94f5s (3D ) ~D 
288423.0 288617.0 -194.0 74% 4d94f5s eO)40 + 12% 4d94f5s (3p ) 2p 
+ 10% 4d94f5s (Ip) 2p 
289472.0 289524.0 -52.0 70% 4d94f5s (3p ) 2p + 28% 4d94f5s (lp)2p 
297860.0 297817.0 43.0 62% 4d94f5s ep) 2p + 18% 4d94fSs eO)~O 
+ 17% 4d94f5s (3p ) 2p 
3/2 61525.1 61526.0 -0.9 100% 4d105p 2p 
145926.7 145927.0 -0.3 100% 4dl O6p ,2p 
167339.4 167743.0 -403.6 74% 4d9Ss5p eO)4p + 12% 4d95s5p eO)~O 
+ 9% 4d9SsSp eO) 2p 
172126.3 171600.0 526.3 81% 4d9Ss5p eO) 4F + 8% 4d95s5p (30 ) ~p 
+ S% 4d9SsSp (~)~ + 4% 4d9Ss5p (10) 20 
175538.2 175530.0 8.2 39% 4£5s5p (10) 20 + 17% 4d95s5p (30 ) 40 
+17% 4d9SsSp (30 ) 20 + 14% 4d95s5p eO)~F 
177862.4 177859.0 3.4 81% 4dl O7p 2p + 11% 4d95s5p (ID) 2p 
+ 5% 4d95s5p eO)2p 
178615.2 178584.0 31.2 60% 4d95s5p eO) 2p + 18% 4d107p 2p 
+ 12% 4d95s5p eO) 40 + 7% 4d95s5p eO) Ip 
180945.4 181053.0 -107.6 51% 4d95s5p (30 ) 40 + 25% 4d95s5p (to)20 
+ 12% 4d95s5p (30 ) In + 7% 4d5p eO)~p 
191510.5 191252.0 258.5 78% 4d9Ss5p eO) 2p + 9% 4d9SsSp eO)zp 
+ 8% 4d108p 2p 
194337.2 194512.0 -174.8 92% 4dlO8p Ip + 7% 4d95s5p eD)2p 
201180.7 201225.0 -44.3 99% 4d10 9p 2p 
203332.0 203124.0 208.0 65% 4d95s5p (30 ) 20 + 30% 4d95s5p (10) 20 
286407.0 286393.0 14.0 73% 4d94f5s (Jp ) 4p + 24% 4d94f5s eO) 40 
288020.0 288034.0 -14.0 36% 4d94f5s eO) 20 + 32% 4d94f5s eF) 4F 
+ 15% 4d94f5s eO) 4D + 8% 4d94f5s ep}lp 
289295.0 29% 4d94fSs (lp)2p + 29% 4d94f5s eO)1J 
+ 28% 4d94f5s (30 ) 20 + 11% 4d94f5s (3p ) 4p 
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290682.0 290429.0 253.0 34% 4d94f5s ep) Ip + 29% 4d94f5s (ID) 2D 
+ 24% 4d94f5s (3F ) ~F + 9% 4d94f5s (3D) ~D 
295582.0 34% 4d94f5s (3F ) ~F + 26% 4d94f5s (3p ) Ip 
+ 19% 4d94f5s eD) 2D + 11% 4d9 4f55 (3D) 4D 
296892.0 296942.0 -50.0 69% 4d94£5s (lp)2p + 12% 4d94£5s (3D ) JD 
+ 11% 4d94f5s (30 ) 20 + 8% 4d94f5s ep) J p 
297860.0 297861.0 -1. 0 55% 4d94f5s (10) 20 + 31% 4d94£5s (J p ) 2p 
+ 8% 4d94f5s (JF ) ~F 
5/2 161973.0 161958.0 15.0 99% 4d l o4f IF 
164046.1 163635.0 411.1 90% 4d95sSp eO) ~p + 8% 4d955p (3D ) ~D 
167361. 4 167650.0 -288.6 56% 4d95s5p eO)~F + 25% 4d9Ss5p (10 ) 2F 
+ 11% 4d95s5p eO)2F 
174356.6 174057.0 299.6 41% 4d95s5p eO)40 + 29% 4d95s5p (1 0 ) IF 
+ 8% 4d95s5p (30 ) 2F + 6% 4d95s5p (10 ) 20 
176529.8 176700.0 -170.2 34% 4d95sSp eO) 4F + 20% 4d9SsSp (10) 2F 
+17% 4d95s5p (30 ) 40 + 15% 4d9Ss5p (10)20 
182359.8 182589.0 -229.2 39% 4d9SsSp eO) 20 + 31% 4d95s5p (30 ) ~O 
+ 24% 4d9Ss5p (30 ) 20 
185023.0 185005.0 18.0 99% 4d105£ 2F 
194900.9 195191. 0 -290.1 43% 4d95sSp (30 ) 2D + 28% 4d95s5p (30 ) 2F 
+ 22% 4d9SsSp eO) 20 + 6% 4d9Ss5p (ID) 2F 
198491.7 198667.0 -175.3 67% 4d106£ 2F + 12% 9 4d 5sSp (30 ) 2F 
+ 9% 4d9SsSp eO) 20 + 7% 4d9Ss5p (10) 20 
200138.3 200064.0 74.3 35% 4d95sSp eO)2F + 31% 4dl o6f IF 
+ 14% 4d95s5p (10) 2F + 10% 4d95s5p (30 ) 20 
205598.4 205625.0 -26.6 99% 4dl o7f 2F 
286861. 0 49% 4d94f5s (30 ) ~O + 39% 4d94f5s (Jp ) ~p 
+ 8% 4d94£5s eF)4F 
287891. 0 36% 4d94f5s eF) 4F + 31% 4d94f5s eD} 20 
+ 9% 4d94£Ss (3F ) 2F + 8% 4d94f5s (3p ) ~p 
289564.0 35% 4d94f5s eF)2F +. 17% 4d94f5s (3G) ~G 
+ 16% 4d94f5s eO) 20 + 13% 4d94f5s eF) 2F 
290067.0 37% 4d94f5s (30 ) 20 + 17% 4d94fSs (IF) 2F 
+ 13% 4d94f5s eF) 4F + 13% 4d94f5s eG)~G 
294361. 0 36% 4d94f5s (~)~ + 31% 4d94f5s (3p ) 4p 
+ 16% 4d94f5s eF)4F + 6% 4d94f5s (3F ) 2F 
295374.0 48% 4d94f5s eG)4G + 17% 4d94£5s eF) ~F 
+ 16% 4d94f5s (3F ) 2F + 11% 4d94f5s (30 ) 20 
297252.0 47% 4d94£5s (10) 20 + 21% 4d94£5s (IF)2F 
+ 10% 4d94f5s (3F ) ~F + 9% 4d94f5s (3F ) 2F 
298241. 0 48% 4d94f5s eF) 2F + 17% 4«4f5s (3F ) 2F 
+ 15% 4d94£5s eO)20 + 13% 4d94fSs eO) 20 
7/2 161980.6 161993.0 -12.4 99% 4dlo4£ IF 
167058.3 167353.0 -294.7 73% 4d95s5p eO) 4F + 12% 4d9Ss5p (30 ) 40 
+ 9% 4d95s5p eO) 2F + 7% 4d9Ss5p (10 ) 2F 
174308.9 174104.0 204.9 81% 4d95s5p (30 ) 40 + 12% 4d9SsSp (10 ) IF 
179929.1 179995.0 -65.9 42% 4d9 Ss5p (10) 2F + 27% 4d9SsSp eO) 2F 
+ 24% 4d95s5p (30 ) 4F + 7% 4d95s5p (30)~ 
184892.7 184902.0 -9.3 97% 4dlO5f 2F 
191324.9 191614.0 -289.1 57% 4d95s5p eO)zF + 38% 4d95s5p eO) 2I!' 
199262.1 199159.0 103.1 99% 4d106f 2F 
205625.8 205599.0 26.8 100% 4d107£ 2F 
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287418.0 46% 4d94f5s eO) ~O + 46% 4d94f5s eF) ~F 
+ 7% 4d94fSs (3G) ~G 
288324.0 33% 4d94f5s (3F ) 2F + 29% 4d94f5s (3G) ~G 
+ 13% 4d94fSs (30 ) ~O + 11% 4d94fSs (3G) !G 
289686.0 22% 4d94fSs (IG) 2G + 21% 4d94f5s (3G) 2G 
+ 18% 4d94f5s (3H) ~H + 15% 4d94f5s eF)~F 
290417.0 39% 4d94fSs (3F ) 2F + 17% 4d94f5s (I F) 2F 
+ 12% 4d94fSs (3G ) 4G + 11% 4d94fSs (3G) lG 
294495.0 67% 4d94f5s (3H) 4H + 21% 4d94fSs (3G) ~G 
+ 4% 4d94f5s eG)2G 
295394.0 28% 4d94f5s eF) 4F + 25% 4d94f5s eG)2G 
+ 15% 4d94fSs eG)4G + 14% 4d94fSs eO)4D 
297615.0 58% 4d94f5s eF) 2F + 13% 4d94f5s (3G) 4G 
+ 13% 4d94f5s eG) 2G + 9% 4d94f5s (3D ) 4D 
298624.0 52% 4d94f5s (IG) 2G + 24% 4d94f5s (3G ) 2G 
+ 10% 4d94f5s (IF) 2F + 9% 4d94f5s (3F ) 2F 
9/2 169828.9 169386.0 442.9 100% 4d95s5p eD)4F 
287637.0 49% 4d94f5s eF) 4F + 39% 4d94f5s (3G) 4G 
+ 11% 4d94f5s eH)4H 
288048.0 29% 4d94f5s (3H) ~H + 26% 4d94f5s (3G) 2G 
+ 22% 4d94f5s eF) 4F + 13% 4d94f5s eH)2H 
289269.0 27% 4d94f5s eH) 2H + 22% 4d94fSs (3G ) ~G 
+ 19% 4d94f5s (JG) 2G + 16% 4d94f5s (lH) 2H 
290415.0 39% 4d94f5s eG) 2G + 21% 4d94f5s (IG) 2G 
+ 12% 4d94f5s eH) 2H + 10% 4d94f5s (3F ) 4F 
294906.0 34% 4d94f5s (3H) 4H + 31% 4d94f5s (3H) 2H 
+ 21% 4d94f5s eG) 4G + 5% 4d94f5s (3G ) 2G 
297381. 0 45% 4d94f5s eH) 2H + 20% 4d94f5s (IG)2G 
+ 11% 4d94f5s eG)2G + 10% 4d94f5s eH)2H 
297937.0 52% 4d94f5s (IG) 2G + 17% 4d94f5s (3H) 2H 
+ 16% 4d94f5s (IH) 2H + 8% 4d94fSs (3G ) 4G 
11/2 287220.0 65% 4d94f5s eH) 4H + 21% 4d94f5s (3H ) 2H 
+ 11% 4d94f5s eG)4G 
287897.0 64% 4d94f5s eG) 4G + 36% 4d94fSs (lH) 2H 
289668.0 37% 4d94f5s (3H ) 2H + 27% 4d94fSs (IH) 2H 
+ 18% 4d94f5s (JH ) 4H + 17% 4d94f5s (3G ) 4G 
296774.0 69% 4d94f5s eH) 2H + 17% 4d94f5s (3H) ~H 
+ 8% 4d94fSs eG) 4G + 6% 4d94f5s eH) 2H 
13/2 286730.0 100% 4d94f5s eH) 4H 
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Table 3.3: Least Squares Fitted energy parameters in cm-1 for 
the even parity configurations of In III 
configuration parameter LSF accurac! HF LSFIHF 
4d lO 5s Ea, ( 4d 10 5s) 1354.5 247.0 1376.0 
4d 9 5p2 Ea,{4d9 5p2) 249078.9 56.0 246408.5 1.011 
F2( Sp, 5p) 33497.6 (fixed) 39409.0 0.850 
(lsp 0.0 0.0 
~~d 3072.3 S1.0 2733.0 1.124 
~sr 3359.2 56.0 2988.1 1.124 
F (4d, 5p) 20639.7 491.0 24204.2 0.853 
G I ( 4d, 5p) 6894.2 226.0 8066.8 0.855 
G3( 4d, 5p) 6116.4 201.0 71S6.1 0.855 
4d9 5s2 9 2) 121884.4 183.0 124029.4 0.983 Ea,·(4d 5s 
~-Id 2760.3 144.0 2706.2 1.020 
4d9SsSd Ea..(4d9 Ss Sd) 257795.0 (fixed) 253256.1 1.018 
~~t1 2735.5 (fixed) 2735.6 1.000 
~5d 138.4 (fixed) 138A 1.000 
F2( 4d, 5d) 8512.3 (fixed) 10014.6 0.850 
F"I( 4d, 5d) 3258.3 (fixed) 3833.4 0.850 
G 2( 4d, 5s) 10930.8 (fixed) 14574.5 0.750 
GO( 4d, 5d) 1655.6 (fixed) 2207.5 0.750 
G2( 4d, 5d) 1920.6 (fixed) 2560.9 0.750 
G\ 4d, 5d) 1528.8 (fixed) 2038.4 0.750 
G2( 5s, 5d) 11080.0 (fixed) 14773.3 0.750 
4d l0 6s E av(4d lO 6s) 126938.3 246.0 124139.1 1.023 
4d lO 7s Eav(4d lO 7s) 169466.7 246.0 166047.8 1.021 
4d lO 8s Eav{ 4d 10 8s) 189391.6 246.0 185701.8 1.020 
4dlo 9s Eav(4d lO 9s) 200369.4 246.0 196565.8 1.020 
4d lo lOs E3\{4d lo lOs) 207076.5 246.0 203204.9 1.019 
4d lO lIs Eav(4d lO lls) 211461.6 246.0 207550.5 1.019 
4d lO l2s Eav(4d lO 12s) 214505.7 246.0 210568.3 1.019 
4d lO 5d Eav(4d JO 5d) 128743.9 177.0 124523.2 1.034 
zeta( 5d) 120.5 (fixed) 120.5 1.000 
4d lO 6d Eav{ 4d 10 6d) 170716.6 178.0 166958.6 1.023 
~6d 72.5 139.0 53.0 1.368 
4d l0 7d Eav(4dIO 7d) 190134.3 178.0 186305.3 1.021 
~7d 37.6 139.0 28.2 1.33 
4d lO 8d Eav( 4d 10 8d) 200839.4 177.0 196949.9 1.020 
~8d 21.4 139.0 16.8 1.274 
4d lo 9d Ea,(4d lO 9d) 207381.4 177.0 203457.3 1.020 
~9d 16.9 139.0 10.8 1.565 
4d lO 5g Eav( 4d 10 5g) 186528.9 174.0 182508.4 1.022 
SSg 0.3 (fixed) 0.3 1.000 
4d IO 6g E.v(4d I0 6g) 198656.4 174.0 194634.4 1.021 
S6g 0.1 (fixed) 0.2 0.500 
4d lo 7g Eav(4dl0 7g) 205968.0 174.u 201953.9 1.020 
S7g 0.0 (fixed) 0.1 0.000 
4d lO 8g Eav( 4d 10 8g) 210713.4 174.0 206705.5 1.020 
~8g 0.0 (fixed) 0.1 0.000 
. - 49-
4d l0 9g E.,.(4d I0 9g) 213966.0 174.0 209964.7 1.019 
S9g 0.0 (fixed) 0.0 
4d lll Ss _ 4d9Sp2 nl(4d,Ss;5p,Sp) -13143.4 (fixed) -17524.6 0.750 
4d lo Ss _ 4d9SS2 R I (4d,4d;4d,Ss) -9623.1 (fixed) -12830.7 0.750 
4d lOSS - 4d9SsSd RO( 4d,4d;4d,Sd) 893.5 (fixed) 1191.4 0.750 
R2( 4d,4d;4d,Sd) 6787.2 (fixed) 9049.6 0.750 
R4(4d,4d ;4d,Sd) 5113.2 (fixed) 6817.6 0.750 
RZ( 4d,Ss;Ss,Sd) -7524.4 (fixed) -10032.6 0.750 
RO(4d,Ss;Sd,Ss) -721.5 (fixed) -962.1 0.750 
4d9 Sp2 _ 4d9 SS2 RI(Sp,Sp;Ss,Ss) 38733.9 (fixed) 51645.2 0.750 
4d9 Spl _ 4d9SsSd R I (Sp,5p;5s,5d) 26352.9 (fixed) 35137.2 0.750 
4d9 5p2 _ 4d lo 6s R I (5p,5p;4d,6s) -893.2 (fixed) -1191.0 0.750 
4d9 Spl _ 4d 10 7s R I(5p,5p;4d,7s) . -256.8 (fixed) -342.4 0.750 
4d95p2 _ 4d lo 8s R I (5p,5p;4d,8s) -100.9 (fixed) -134.6 0.750 
4d9 5p2 _ 4d 10 9s R 1(5p,5p;4d,9s) -45.8 (fixed) -61.0 0.751 
4d9 5p2 _4d IO lOs RI(5p,5p;4d,10s) -22.1 (fixed) -29.5 0.749 
4d9 5p2 _ 4d lO lIs R I(Sp,Sp;4d,11s) -10.8 (fixed) -14.3 0.755 
4£1 9 Spl _ 4d lO 12s R I(Sp,Sp;4d,12s) -4.8 (fixed) -6.4 0.750 
4d9 Sp2 _ 4d lO Sd R I(Sp,Sp;4d,Sd) -7465.2 (fixed) -9953.6 0.750 
RJ(Sp,Sp;4d,Sd) -4261.2 (fixed) -5681.6 0.750 
4£19 Sp2 _ 4d lO 6d R I(5p,5p;4d,6d) -3865.2 (fixed) -5153.6 0.750 
RJ(5p,5p;4d,6d) -2486.4 (fixed) -3315.2 0.750 
4d9 5p2 _ 4d lo 7d R I (5p,5p;4d,7d) -2559.1 (fixed) -3412.1 0.750 
RJ(5p,5p;4d,7d) -1717.5 (fixed) -2289.9 0.750 
4d9 Sp2 _ 4d lo 8d R I(5p,5p;4d,8d) -1876.3 (fixed) -2501.8 0.750 
RJ(5p,Sp;4d,8d) -1285.9 (fixed) -1714.6 0.750 
4d9 5p2 _ 4d lo 9d R I(5p,5p;4d,9d) -1459.5 (fixed) -1946.0 0.750 
R\Sp,5p;4d,9d) -1012.5 (fixed) -1350.0 0.750 
4d9 5p2 _ 4d lo Sg RJ(5p,5p;4d,5g) -603.6 (fixed) -804.9 0.750 
4d9 5p2 _ 4d lo 6g RJ(Sp,5p;4d,6g) -590.1 (fixed) -786.8 0.750 
4d9 5p2 _ 4d l07g RJ(5p,5p;4d,7g) -522.8 (fixed) -697.0 0.750 
4d9 5p2 _ 4d lo 8g RJ (5p,5p;4d,8g) -454.6 (fixed) -606.2 0.750 
4d9 5p2 _ 4d lo 9g RJ(5p,5p;4d,9g) -395.6 (fixed) -527.5 0.750 
4d9 SS2 - 4d95s5d R2( 4d,5s;4d,5d) 9031.1 (fixed) 12041.5 0.750 
R Z(4d,ss;5d,4d) 2087.6 (fixed) 2783.5 0.750 
4d9 5s2 _ 4d lo 5d R2(Ss,5s;4d,5d) -6254.7 (fixed) -8339.6 0.7S0 
4d9 5s2 _ 4dlo 6d R 2(5s,5s;4d,6d) -3821.9 (fixed) -5095.8 0.750 
4d9 5s2 - 4d lO 7d R 2(5s,5s;4d,7d) -2693.9 (fixed) -3591.8 0.750 
4d9 5s2 _ 4d lo 8d R2(Ss,5s;4d,8d) -2039.4 (fixed) -2719.2 0.750 
4d9 Ss2 - 4d lo 9d R 2(5s,5s;4d,9d) -1616.6 (fixed) -2155.5 0.750 
4d95s5d - 4d lO 6s R 2(Ss,5d;4d,6s) 1118.9 (fixed) 1491.9 0.750 
R ° (5s,5d ; 6s,4d) 976.2 (fixed) 1301.6 0.750 
4d95sSd - 4dlO7s R 2(5s,Sd;4d,7s) 685.4 (fixed) 913.9 0.7S0 
RO(5s,5d;7s,4d) 634.8 (fixed) 846.4 0.750 
4d9Ss5d - 4d lO 8s R 2(5s,Sd;4d,8s) 498.0 (fixed) 664.1 0.7S0 
RO(Ss,Sd;8s,4d) 45S.5 (fixed) 607.3 0.750 
4d9Ss5d - 4d lo 9s R2(Ss,5d;4d,9s) 383.8 (fixed) 511.7 0.750 
RO(Ss,Sd;9s,4d) 347.6 (fixed) 463.5 0.7S0 
4d9SsSd - 4dlOlOs R 2(Ss,Sd;4d,10s) 307.S (fixed) 409.9 0.7S0 
RO(Ss,5d;10s,4d) 276.7 (fixed) 368.9 0.7S0 
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4d9Ss5d - 4d 1olls 
4d9Ss5d - 4d lO12s 
4dQSsSd - 4d lO Sd 
4d9SsSd - ..JdlOSd 
4d9Ss5d - 4d lll6d 
4d9Ss5d - 4d J07d 
4d9Ss5d - 4d 107d 
4d9Ss5d - 4d lOSd 
4d9SsSd - 4d 109d 
4d95s5d - 4d 109d 
4d9Ss5d - 4d l O5g 
4d9Ss5d - 4d106g 
R2(Ss,5d;4d,lls) 253.4 (fixed) 
RO(Ss,Sd;11s,..Jd) 227.1 (fixed) 
R2(Ss,Sd;4d,12s) 213.6 (fixed) 
RO(Ss,Sd;12s,4d) 90.8 (fixed) 
R2( 4d,Ss;4d,4d) -5936.5 (fixed) 
R2(Ss,Sd;4d,Sd) -1810.6 (fixed) 
R\Ss,5d;Sd,4d) -2606.9 (fixed) 
R2( 4d,5s;4d,4d) -1001.2 (fixed) 
R2(Ss,Sd;4d,6d) -1639.8 (fixed) 
R 2(5s,Sd;6d,4d) -672.4 (fixed) 
R\4d,5s;4d,4d) -1172.0 (fixed) 
R 2(5s,5d;4d,7d) -495.2 (fixed) 
R\Ss,Sd;7d,4d) -898.1 (fixed) 
R2( 4d,5s;4d,4d) -38S.9 (fixed) 
R2(5s,5d;4d,Sd) -1249.7 (fixed) 
R2(Ss,5d;Sd,4d) -200.1 (fixed) 
R2( 4d,5s;4d,4d) -1121.4 (fixed) 
R 2(Ss,5d;4d,9d) -198.0 (fixed) 
R2(Ss,5d;9d,4d) -947.S (fixed) 
R2(Ss,5d;4d,5g) -176.5 (fixed) 
R'(Ss,5d;5g,4d) -SOO.7 (fixed) 
R2(Ss,5d ;4d,6g) -154.1 (fixed) 
R 4(Ss,5d;6g,4d) -683.5 (fixed) 
R2(Ss,5d;4d,7g) -134.5 (fixed) 
(J 246.0 
(J = [L,(Obs.value - cal.value) 2 ]15 
n-m 
Where n == number of the known level. 


























Table 3.4: Least Squares Fitted energy parameters in cm-1 for 
the odd parity configurations of In III 
configuration parameter LSF accuracy HF LSF/HF 
"d9 5s5p Eav ( .. d95s5p) 179018.7 59.0 177164.2 1.0 II 
S-Id 299".5 67.0 2718.8 1.101 
S511 3"82.3 1"9.0 2994.8 1.163 
F! ( 4d, Sp) 19792.0 517.0 H199.1 0.818 
G2( 4d, 5s) 11581.8 496.0 14148.0 0.819 
G 1( 4d, Sp) 6658.9 285.0 8134.4 0.819 
G3( 4d, Sp) 4569.0 31.0 7204.2 0.634 
G1( 5s, 5p) 32606.0 220.0 51411.1 0.634 
4d94f5s Eav (4d94fSs) 291712.7 94.0 289140.2 1.009 
S-Id 2963.1 87.0 2738.8 1.082 
S-If 1.6 (fixed) 1.7 0.941 
F2 (4d,4f) 4735.S (fixed) 5571.2 0.850 
F\ 4d, 4f) 1560.9 (fixed) 1836.4 0.850 
G 1( 4d, 4f) 11109.6 (fixed) 14812.8 0.750 
G3( 4d, 4f) 1757.4 (fixed) 2343.2 0.750 
G5( 4d, 41) 995.0 (fixed) 1326.8 0.750 
G2( 4d, 5s) 676.8 (fixed) 902.4 0.750 
G3( 4f, 5s) 5035.1 (fixed) 6713.5 0.750 
4d 'o 5p E.v (4d lO 5p) 60586.6 197.0 58966.1 1.028 
SSp 2913.8 249.0 2505.2 1.163 
4d 1o 6p Eav (4d10 6p) 145633.9 197.0 142607.9 1.021 
zeta( 6p) 900.7 249.0 809.4 1.113 
4d lO 7p Eav (4d 1o 7p) 177942.1 249.0 1 74344.0 1.021 
S7p 371.6 (fixed) 371.6 1.000 
4d lO 8p E.v{4d lO 8p) 194168.8 198.0 190168.1 1.021 
SSp 202.7 (fixed) 202.8 1.000 
4d lO 9p Eav (4d lO 9p) 201130.5 192.0 199232.4 1.010 
S9p 122.8 (fixed) 122.9 0.999 
4d lO 4f Eav (4d lO 41) 162099.8 188.0 157927.3 1.027 
S·u 1.2 (fixed) 1.2 1.000 
4d 1o 5f Eav (4d 1o 5f) 185049.7 191.0 181114.8 1.022 
SSf 0.7 (fixed) 0.8 0.875 
4d 1o 6f Eav (4d10 6f) 1990S7.1 218.0 193756.5 1.028 
S6f 0.5 (fixed) 0.5 1.000 
4d 1o 7f Eav (4d lO 71) 205563.3 189.0 201372.3 1.021 
~7f 0.3 (fixed) 0.3 1.000 
4d95sSp - 4d9f5s R2( 4d,Sp;4d,41) 
-6004.9 (fixed) -8006.5 0.750 
R 4(4d,5p;4d,41) 
-2249.5 (fixed) -2999.3 0.750 
R3( 4d,5p;4f,4d) 
-1260.4 (fixed) -1680.5 0.750 
- S2 -
-td9 - - 4d\OS ::lS~p - P 
-td9SsSp - -td lU6p 
.. d9 - - 4d lo7 ~s~p - p 
4d9Ss5p - 4d lO8p 
4d95sSp - 4d l O9p 
4d9Ss5p - 4d 104f 
-td9 - - -tdlO-f ~S::lp - ~ 
-td95sSp - -td I06f 
4d9SsSp - 4d 107f 
4d94f5s - 4d lO5p 
4d94fSs - 4d \06p 
-td94f5s - 4d l O7p 
4d94fSs - 4d108p 
4d94fSs - 4d 109p 
4d94f5s - 4d lo4f 
4d94f5s - 4d IOSf 
4d94f5s - 4d to6f 
R!(4d,Ss;-td,4d) -9585.4 (fixed) 
R!(Ss,5p;-td,Sp -12888.S (fixed) 
R '(Ss,5p;5p,4d) -12305.4 (fixed) 
R2( 4d,Ss;4d,4d) 0.0 (fixed) 
R2(5s,Sp;4d,6p) -42SS.7 (fixed) 
R '(5s,Sp;6p,4d) -4118.7 (fixed) 
R2( 4d,5s;4d,4d) 0.0 (fixed) 
R2(Ss,5p;4d,7p) -2413.2 (fixed) 
R
'
(5s,5p;7p,-td) -2341.1 (fixed) 
R\ 4d,Ss;4d,4d) 0.0 (fixed) 
R2(Ss,5p;4d,8p) -1634.8 (fixed) 
R
'
(Ss,Sp;8p,4d) -1588.2 (fixed) 
R2( 4d,Ss;4d,4d) 0.0 (fixed) 
R2(SsSp;4d,9p) -1211.7 (fixed) 
R I(Ss,Sp;9p,4d) -1178.2 (fixed) 
R2(Ss,Sp;4d,4t) 5559.1 (fixed) 
R\Ss,Sp;4f,4d) 3458.9 (fixed) 
R2(Ss,Sp;4d,St) 4307.3 (fixed) 
R\Ss,Sp;5f,4d) 282S.9 (fixed) 
R"(Ss,Sp;-td,6f) 3335.4 (fixed) 
R3(Ss,Sp;6f,4d) 2247.2 (fixed) 
R2(Ss,Sp;4d,7t) 2655.4 (fixed) 
R3(Ss,Sp;7f,4d) 1816.8 (fixed) 
R 1(4f,Ss;4d,5p) 6373.9 (fixed) 
Rl( 4f,5s;Sp,4d) 7466.7 (fixed) 
R I(4f,Ss;4d,6p) 519.3 (fixed) 
R2( 4f,Ss;6p,4d) 2786.4 (fixed) 
R I(4f,Ss;4d,7p) 409.4 (fixed) 
Rl( 4f,Ss;7p,4d) 1653.4 (fixed) 
R I(4f,5s;4d,8p) 288.6 (fixed) 
Rl( 4f,5s;8p, 4d) 1147.1 (fixed) 
R I(4f,5s;4d,9p) 217.3 (fixed) 












R 2(4f,5s;6f,4d) 0.0 (fixed) 





a = ['i(Obs.value - cal.value) 2 ]li 
n-m 
Where n = number of the known levels. 












































Table 3.5: Classfied Lines of In III Spectrum 
wavelength wavenumber intT even level - odd level diff. 
i.(A) G (em-') (~ i.} 
335.728 297860.0 30 55 2 S1I2 9 I 2 - 4d S54f ( P) Pill 0.000 
335.728 297860.0 30 55 2 SII2 9 I' - 4d S54f ( D) "0312 0.000 
336.823 296892.0 35 55 2 SI/2 9 l' - 4d S54f ( P) "P3/2 0.000 
344.019 290682.0 50 55 2 SI/2 9 3 2 - 4d S54f ( P) P3/2 0.000 
345.457 289472.0 28 55 2 S'12 _ 4d9 554f (lp) 2PI12 0.000 
346.713 288423.0 30 55 2 SII2 9 3" - 4d 554f ( D) 01/2 0.000 
347.198 288020.0 25 55 2 SI/2 9 3 2 - 4d S54f ( D) 03/2 0.000 
349.153 286407.0 15 55 2 SI/2 9 3" - 4d 554f ( P) P3/2 0.000 
491. 807 203332.0 10 55 2 SII2 9 3 2 - 4d S55p ( D) 03/2 0.000 
497.066 201180.7 15 2 9p 2 0.000 55 SI/2 - PI/2 
504.076 198382.8 25 , 9 3' 0.000 55 "S1I2 - 4d S54p ( O) "Pill 
508.076 196821.1 80 , 
- 4d9 Sp2 3 " 0.000 5p "PIll ( P) PI/2 
514.570 194337.2 20 55 2 SI/2 - 8p 2 Pl/2 0.000 
515.629 193938.0 8 2 55 SI/2 - 8p 2 PI/2 0.000 
520.335 192184.0 30 2 5p P312 - 4d9 Sp2 1 2 ( P) P3/2 0.002 
522.163 191511.0 40 2 55 S1I2 - 4d9 S55p (3D ) 2P312 -0.001 
525.274 190377.0 15 2 5p PII2 - 4d9 Sp2 (10) 20312 0.000 
527.320 189638.3 15 2 5p P312 - 4d9 Sp2 3 2 ( P) PII2 0.000 
528.267 189298.3 25 2 5p PI/2 - 4d9 Sp2 3 " ( P) F3/2 0.000 
529.17l 188974.8 25 2 5p Pll2 - 4d9 Sp2 3 " ( P) P3/2 0.000 
529.998 188680.0 25 5p 2 P312 - 4d9 Sp2 3 2 ( P) 0512 0.000 
530.434 188525.0 15 2 4d9 Sp2 (3p ) 20312 0.000 5p PII2 -
540.613 184975.1 15 2 
- 4d9 Sp2 3 4 0.000 5p P3/2 ( P) PS/2 
549.763 181896.6 10 2 
- 4d9 Sp2 I 2 0.000 5p P312 ( 0) PI/2 
550.513 181648.9 10 2 
- 4d9 Sp2 3 4 0.000 5p P1I2 ( P) 03/2 
552.653 180945.4 22 2 
- 4d9 Ss5p 3 4 0.000 5s SI/2 ( 0) D3/2 
557.67l 179317.1 40 2 
- 4d9 Ss5p 3 " 0.003 5s SI/2 ( D) 0112 
559.863 178615.2 25 2 
- 4d9 Ss5p I 2 0.000 55 S1I2 (0) P3/2 
561.209 178186.6 35 2 
- 4d9 Ss5p I 2 0.002 55 SII2 ( D) PII2 
562.232 177862.4 35 5s 2 - 7p 2 0.000 SI/2 P3/2 
564.139 177261. 4 32 , 
- 7p 2 0.000 55 "SII2 PII2 569.414 175619.0 12 2 
- 4d9 Sp2 I ' 0.000 5p Pll2 ( D) "S1I2 
569.418 175618.0 12 2 
- 4d9 Sp2 I 2 0.000 5p P312 ( D) P3/2 
569.677 175538.2 25 55 2 
- 4d9S55p I 2 0.000 SII2 ( D) 0312 580.969 172126.3 15 55 2 
- 4d9 Ss5p 3 " 0.000 SII2 ( D) F3/2 583.7l3 17l317.1 28 55 I 
- 4d9 Ss5p (3p ) 4PI12 0.000 Sill 
597.587 167339.6 35 5s 2 
- 4d9 Ss5p 3 " -0.001 SII2 ( D) P3/2 653.702 152975.0 25 5p 2 - 12s 2 0.000 P3/2 SII2 666.982 1';3929.0 6 5p 2 
- 115 2 0.000 P3/2 Sll2 685.276 145926.7 50 5s 2 6p 2 0.000 SII2 - P3/2 685.612 145855.0 30 5p 2 9d 2 0.000 Pl/2 - OS/2 
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145811.8 50 , 2 0.000 685.816 5p -P3i2 - 9d 0312 
2 , 0.000 687.092 145541.0 20 5p P312 - lOs -S112 
50 
, 
2pI/2 0.000 691.615 144589.1 5s -S112 - 6p 
143598.4 6 
, 2 0.000 696.387 5p -P1 12 - 8d 03/2 
, , 0.003 698.456 143173.0 5 5p -P112 - 9s -S1I2 
, , 0.000 717.828 139309.1 6 5p -P312 - 8d "OS!2 
, , 0.003 720.304 138830.2 10 5p -P312 - 9s -S1I2 
, , 0.000 752.707 132853.9 15 5p -P112 - 7d -0312 
756.482 132190.8 15 2 5p PII2 - 8s 2 SI12 0.011 
777.574 128605.2 2S 2 Sp P3/2 - 7d 2OS/2 0.000 
782.211 127842.7 20 , 28112 0.012 5p -P3/2 - 8s 
882.202 1133S2.7 30 , 6d 20312 0.000 Sp "P1I2 -
91S.826 109191.0 60 2 6d 205/2 0.000 Sp P3/2 -
917.360 109008.S 3S 2 6d ~3/2 0.000 Sp P3/2 -
926.724 107907.0 SO Sp 2 P312 - 7s 281/2 0.000 
1110.431 90055.1 3S 4d95s2 OSI2 - 7f 
, 
-F12 0.000 
1182.S03 84566.4 15 4d95s2 
, 
- 4d9 Ss5p (30 ) 2F/2 0.016 -05/2 
1206.008 82918.2 40 4d95s2 
, 
6f 2 FSl2 0.041 -OS/2 -
1260.S54 79330.2 SO 4d95s2 205/2 - 4d9 Ss5p eD) 205/2 0.000 
1286.637 77722.0 60 4d95s2 2D3/2 - 4d9 Ss5p 3 2 (D) FS/2 -0.019 
1290.846 77468.6 10 9 3 4 4d 5sSp ( D) DS/2 - 4d9Sp2 3 2 ( D) FS/2 0.000 
1296.307 77142.2 30 5d 2D3/2 
- 7f 2 FSI2 0.000 
1309.960 76338.2 70 9 3 4 4d 5s5p ( D) F7/2 - 4d9 Sp2 3 4 ( P) F712 0.000 
1314.501 76074.5 30 4d95s2 2 D3/2 - 6f 2 FS/2 -0.003 
1316.845 75939.1 40 9 2 2 4d 5s DS/2 - 4d9 SsSp (3D) 2P3/2 0.013 
1320.059 757S4.2 80 9 2 2 4d9 Ss5p 3 2 0.000 4d 5s OS/2 - ( D) F712 
1344.590 74372.1 80 9 3 4 4d Ss5p ( D) Fn _ 4d9 Sp2 (3p ) 4F9/2 0.000 
1351.041 74017.0 80 9 3 4 4d 5sSp ( 0) FS/2 - 4d9 Sp2 3 2 ( P) FSI2 -0.004 
1357.383 73671.2 35 95 3 4 4d sSp (D) F7/2 - 4d9 Sp2 (ID) 2F712 0.000 
1372.023 7288S.1 4S 9 I 2 4d SsSp ( D) F7/2 - 4d9 Sp2 3 2 ( P) F712 -0.005 
1376.974 72623.0 30 9 J 4 4d 5sSp ( D) FS/2 - 4d9Sp2 (ID) 2D S/2 0.000 
1381. 738 72372.6 60 9 3 4 4d 5s5p ( D) PS/2 - 4d9 Sp2 ep) 4D7/2 0.008 
1401. 524 71350.9 25 9 I 2 4d 5sSp ( D) DS/2 - 4d9Sp2 (3p ) 2P3/2 0.016 
1403.028 71274.4 45 2 5p PI/2 - 5d 2 03/2 0.016 
1405.556 71146.2 70 9 3-1 
- 4d9 Sp2 (Jp ) 4F 0.000 4d SsSp ( D) FS/2 5/2 
1418.128 70515.5 70 5d 2DS/2 
- 6f 2 F712 0.000 
1419.368 70453.9 6 4d9Ss5p (ID) 2Ds/2 - 4d9 Sp2 3 2 ( P) F7/2 0.005 
1421.464 70350.0 20 9 3 4 4d Ss5p ( D) F3/2 - 4d9 Sp2 (3p ) 4DI/2 0.000 
1427.794 70038.1 50 5d 203/2 
- 6f 2Fs/2 -0.053 
1434.803 69696.0 60 5p 2PI/2 
- 6s 2 SI/2 0.007 
1442.531 69322.6 40 4d95s2 2 OS/2 - 5f 2 F712 -0.012 
1447.316 69093.4 10 95 2 2 4d s D3/2 - 4d9 Ss5p (3D) 2P3/2 0.006 
144e.436 69040.0 5 9 3 4 4d Ss5p ( D) DS/2 - 4d9 Sp2 3 4 ( P) F7/2 0.001 
1472.342 67919.0 80 9 3 4 4d Ss5p (D) P3/2 - 4d9 Sp2 3 4 ( P) DS/2 0.000 
1487.619 67221.5 40 2 ~- 2 0.000 5p PJ/2 >~~ AMQ 4.-RSJ? '.;.~-'- '. 
,. I" ....... ~ 
- 55 - (;f.! (':'.~~~ .. I '\:' 
-\. ) ... ~. ~ ,.~ \.. .I _"' 
1489.552 67134.3 70 9 3"' 4d9 Sp2 (ID) 2~/2 0.000 4d S55p (D) F9/2 -
67069.0 18 9 J", 4d9 Sp2 3 2 0.005 1491. 002 4d S55p ( D) Dm - ( P) FS!2 
66931.8 50 , 5d 2 -0.016 1494.058 5p -P3/2 - D3/2 
66789.7 50 9 2 2 9 I 2 -0.013 1497.237 4d S5 D512 - 4d 555p ( D) D5/2 
1501.713 66590.6 70 9 J", 4d9 Sp2 (3p ) "'Dm -0.009 4d S55p ( D) F9/2 -
1526.002 65530.7 50 9 I' 4d S55p ( D) -Fm _ 4d9 Sp2 I 2 (D) G712 0.000 
1530.161 65352.6 50 2 65 2 -0.008 5p P3!2 - SI12 
60 , 4d9 552 
, 
-0.002 1532.884 65236.5 5p -P1I2 -D312 
1553.791 64358.7 60 4d9 552 2 4d9 S55p I ' -0.006 DS/2 - ( D) -F7/2 
1625.353 61525.1 100 55 2 SI/2 - 5p 2 P3/2 0.000 
1640.444 60959.1 50 4d9 S52 
, 
4d9 S55p 3 -I 0.000 -DS!2 - ( D) FS/2 
1642.244 60892.3 90 2P3!2 4d9 552 2 0.000 5p - D3!2 
1701.088 58785.9 40 4d9 552 2DS/2 - 4d9 555p 3 -I ( D) DS/2 -0.001 
1702.475 58738.0 70 4d9 552 2DS/2 - 4d9 585p (3D ) 4D 712 0.007 
1748.833 57181.0 95 2 , 0.000 58 Sll2 - 5p -PI!2 
1757.411 56901.9 40 4d9 582 2 4d9 585p (3D ) "'DI!2 -0.034 D3/2 -
1767.750 56569.1 65 , , 
-0.072 5d -D3/2 - 5f -F5/2 
1777.016 56274.1 45 5d 2 D5/2 - 5f 2 FS/2 0.073 
1781.087 56145.5 30 5d 2 DS/2 - 5f 2 F7/2 0.019 
1793.056 55770.7 30 4d9 582 2 D3/2 - 4d9 S85p (ID) 2PI/2 -0.024 
1850.289 54045.6 80 5p 2 4d9 582 2 0.000 P3/2 - D5/2 
1923.373 51992.0 8 4f 4FS/2 - 9g 2~!2 0.033 
1923.587 51986.2 25 4f "'F7!2 - 9g 2~/2 -0.033 
1930.841 51790.9 15 4d9 582 2D5/2 - 4d9 585p (3D ) 4F S!2 -0.008 
1931.680 51768.4 17 4d9 582 2D5/2 - 4d9 585p (3D ) 4P3!2 0.009 
1942.215 51487.6 60 4d9 582 2 4d9 585p (3D ) 4F7!2 0.001 DS/2 -
2051.745 48739.0 20 4f 4 8g 2 0.000 FS/2 - G7/2 
2052.065 48731.4 25 4f 4 8g 2~!2 0.000 F7/2 -
2062.919 48475.0 25 4d9 582 2 
- 4d9 585p (3D ) 4p 0.017 DS!2 5/2 
t : Intensity is the visual estimates of the photographic blackening on the plate in the scale of I -100 
Diff: Difference between the observed values of transition and calculated value from the corresponding 
energy level in A . 
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.Jlppend~ 
I e{l II 
Measurement and calibration of Indium plate in the 
wavelength region 610 - 850 A 
~osition into standard I- fitted I. diff (A I,} 
1.6568 40 610.7460 610.7466 0.0006 
1.7323 25 610.8500 610.8458 -0.0042 
12.0410 50 625.1314 625.1303 -0.0011 
12.5604 55 625.8520 625.8504 -0.0016 
24.1342 10 641. 8880 641.8965 0.0085 
46.5384 35 672.9480 672.9559 0.0079 
47.1294 30 673.7680 673.7752 0.0072 
49.6078 50 677.2190 677.2108 -0.0082 
51.0476 70 679.2140 679.2067 -0.0073 
56.7082 40 687.0526 687.0536 0.0010 
56.9248 45 687.3453 687.3538 0.0085 
67.7264 50 702.3320 702.3267 -0.0053 
68.8230 70 703.8500 703.8468 -0.0032 
79.3856 45 718.4840 718.4877 0.0037 
79.4326 40 718.5620 718.5529 -0.0091 
108.3788 55 758.6780 758.6727 -0.0053 
llO.7818 55 762.0030 762.0031 0.0001 
123.7010 35 779.9120 779.9078 -0.0042 
129.3356 100 787.7110 787.7166 0.0056 
131.1332 80 790.1990 790.2078 0.0088 
161.8412 60 832.7620 832.7618 -0.0002 
161.9644 60 832.9270 832.9325 0.0055 
162.2480 60 833.3320 833.3255 -0.0065 
162.5502 90 833.7420 833.7443 0.0023 
163.0696 90 834.4620 834.4640 0.0020 
163.6644 90 835.2920 835.2882 -0.0038 
180.1232 18 858.0918 858.0944 0.0026 
180.4554 25 858.5590 858.5547 -0.0043 
Standard deviation ~ 0.00581 






Second order First order 
--------------------------------------------------------------------------
J. (A.} u(cm-I} ~osition(mm} into J.(A.} u{cm-I} 
430.3062 232392.67 ) 181.9404 25 860.6123 116196.34 J 
430.2403 232428.22 ) 181.8454 20 860.4807 116214.11 J 
430.1582 232472.62 J 181. 7268 8 860.3164 116236.31 J 
~30.0227 232545.88 ) 181.5312 7 860.D453 116272.94 ) 
429.8669 232630.13 ) 181.3064 5 859.7338 116315.07 J 
429.8273 232651. 58 ) 181.2492 7 859.6546 116325.79 ) 
429.7101 232715.05 ) 181.0800 3 859.4201 116357.52 ) 
429.6310 232757.90 ) 180.9658 4 859.2619 116378.95 ) 
429.5773 232786.96 ) 180.8884 10 859.1547 116393.48 ) 
429.5039 232826.76 3 180.7824 20 859.0078 1164l3.38 ) 
429.4113 232876.95 ) 180.6488 15 858.8227 116438.47 3 
429.2773 232949.63 * 180.4554 25 * 858.5547 116474.82 * 
429.2237 232978.74 ) 180.3780 20 858.4474 116489.37 3 
429.1179 233036.21 3 180.2252 20 858.2357 116518.11 3 
429.0472 233074.59 * 180.1232 18 * 858.0944 116537.30 * 
428.9271 233l39.87 3 179.9498 25 857.8541 116569.94 ) 
.J28.8378 233188.38 3 179.8210 22 857.6757 116594.19 ) 
428.7469 233237.82 3 179.6898 15 857.4939 116618.91 ) 
428.5311 233355.32 3 179.3782 20 857.0621 116677.66 ) 
.J28.4203 233415.62 3 179.2184 25 856.8407 116707.81 ] 
428.3784 233438.50 3 179.1578 25 856.7567 116719.25 ) 
428.2446 233511.39 3 178.9648 7 856.4893 116755.69 ) 
428.1815 233545.84 3 178.8736 5 856.3629 116772.92 ) 
428.1064 233586.81 ) 178.7652 8 856.2127 116793.41 ) 
427.8142 233746.33 ) 178.3435 10 855.6284 116873.17 3 
427.7712 233769.84 3 178.2814 6 855.5424 116884.92 3 
427.6817 233818.77 3 178.1522 18 855.3633 116909.38 3 
427.5995 233863.70 3 178.0336 20 855.1990 116931.85 3 
427.5277 233902.96 3 177.9300 20 255.0554 116951.48 3 
427.4323 233955.21 3 177.7922 25 854.8645 116977.60 ) 
427.3957 233975.23 ) 177.7394 25 854.7913 116987.61 3 
427.3250 234013.92 3 177.6374 40 854.6500 117006.96 3 
427.2509 234054.53 3 177.5304 15 854.5017 117027.26 ] 
427.1705 234098.56 3 177.4144 50 854.3410 117049.28 3 
426.9081 234242.43 3 177.0357 20 853.8163 117121.22 3 
426.8697 234263.53 3 176.9802 5 853.7394 117l31.77 ) 
426.7646 234321. 22 3 176.8285 10 853.5292 117160.61 3 
426.5841 234420.36 3 176.5680 5 853.1682 117210.18 3 
426.4957 234468.95 3 176.4404 25 852.9914 117234.48 3 
426.3512 234548.43 3 176.2318 25 852.7024 117274.21 3 
426.2674 234594.56 3 176.1108 8 852.5347 117297.28 3 
426.1842 234640.32 3 175.9908 35 852.3684 117320.16 3 
426.1007 234686.33 3 175.8702 35 852.2013 117343.17 3 
425.8812 234807.24 3 175.5535 5 851.7625 117403.62 3 
425.7930 234855.88 3 175.4262 12 851.5861 117427.94 3 
425.7569 234875.83 3 175.3740 18 851.5138 117437.91 3 
425.5802 234973.33 3 175.1190 15 851.1604 117486.67 3 
425.5403 234995.37 3 175.0614 5 851.0806 117497.68 3 
425.4020 235071.79 3 174.8617 20 850.8039 117535.90 3 
425.3404 235105.83 3 174.7728 20 850.6807 117552.92 3 
425.2743 235142.37 3 174.6774 6 850.5485 117571.19 3 
425.1025 235237.38 3 174.4295 4 850.2050 117618.69 3 
425.0283 235278. H 174.3224 15 850.0566 117639.22 3 
424.9653 235313 .35 3 174.2314 10 849.9305 117656.67 3 
424.8417 235381.81 3 174.0530 18 849.6833 117 690.90 
424.6687 235477.66 3 173.8034 35 849.3375 117738.83 3 
424.6017 235514.85 3 173.7066 32 849.2033 117757.43 3 
424.4195 235615.96 3 173.4436 5 848.8389 117807.98 3 
424.3076 235678.06 3 173.2822 12 848.6153 117839.03 3 
424.2340 235718.97 3 173.1759 30 848.4680 117859.49 3 
424.1717 235753.58 3 173.0860 15 848.3434 117876.79 3 
424.0803 235804.42 ) 172.9540 5 848.1605 117902.21 3 
423.9988 235849.74 3 172.3364 12 847.9976 117924.87 3 
423.9558 235873.63 3 172.7744 .; 847.9116 117936.82 ) 
423.8804 235915.62 3 172.6655 10 847.7607 117957.81 3 
423.8268 235945.43 3 172.5882 5 847.6536 117972.71 3 
423.7717 235976.13 3 172.5086 6 847.5433 117988.07 3 
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423.6~O3 236049.30 J 1~2.3190 12 847.2806 118024.65 J 
423.5824 236C81. 58 J 172.2354 25 8~7.1648 1180~O. ~9 J 
423.4947 236130.44 J 172.1089 6 846.9895 118065.22 J 
423.3885 236189.67 J 171.9556 25 846.7771 118094.84 J 
n3.2';S9 23;:267.62 J 171.7540 15 9~6.4977 :'18133.31 J 
423.1801 236305.99 J 171.6548 15 846.3603 118152.99 J 
423.0766 236363.84 J 171.5053 12 846.1531 118181.92 J 
423.0387 236385.02 J 171.4506 12 846.0773 118192.51 J 
n2.8650 236482.07 J 171. 2000 15 9~5.7301 118241.0~ J 
422.7001 236574.32 ] 170.9620 12 845.4003 118287.16 J 
422.59l1 2310635.37 J 170.8046 4 e~5.1822 118317.69 J 
422.3975 236743.82 ] 170.5252 6 8H.7950 118371.91 ] 
422.3214 236786.46 J 170.4154 12 844.6429 118393.23 ] 
422.2062 236851.12 ] 170.2490 25 844.4123 118425.56 J 
422.1480 236883.77 J 170.1650 5 844.2959 118441.88 J 
422.0597 236933.31 ] 170.0376 40 844.ll94 118466.65 J 
422.0033 236964.97 J 169.9562 4 844.0066 118482.49 J 
421.9361 237002.72 J 169.8592 25 843.8722 118501.36 J 
421.8631 237043.74 J 169.7538 20 843.7261 118521.87 J 
421.8000 237079.17 J 169.6628 20 843.6000 ll8539.59 J 
421.7476 237108.62 J 169.5872 18 843.4953 118554.31 ] 
421.6257 237177.19 J 169.4ll2 20 843.2514 ll8588.60 ] 
421. 5596 237214.38 J 169.3158 18 843.ll92 ll8607.19 J 
421.4924 237252.20 J 169.2188 20 842.9848 118626.10 J 
421.3942 237307.51 J 169.0770 25 842.7883 118653.76 J 
42l.3321 237342.48 J 168.9874 6 842.6642 ll8671.24 J 
421.2173 231407.13 J 168.8218 30 842.4347 118703.56 J 
421.1675 23,435.24 J 168.7498 5 842.3349 1l8717.62 J 
421.1172 237463.61 J 16B.6772 10 842.2343 1l8731.80 J 
421.0691 237490.72 J 168.6078 4 842.1382 1l8745.36 J 
420.9981 237530.74 J 168.5054 10 841.9963 1l8765.37 J 
420.8499 237614.43 J 168.2914 12 841.6997 1l8807.21 J 
420.7573 237666.70 J 168.1578 25 841.5146 118833.35 J 
420.7058 237695.82 J 168.0834 15 841.4115 1l8847.91 J 
420.6322 237737.40 J 167.9772 6 841.2644 118868.70 J 
420.5576 237779.54 J 167.8696 20 841.ll53 1l8889.77 J 
420.4554 237837.37 J 167.7220 40 840.9107 1l8918.69 J 
420.4067 237864.93 J 167.6517 20 840.8133 118932.46 ] 
420.2952 237928.02 J 167.4908 10 840.5904 118964.01 J 
420.2408 237958.81 J 167.4123 5 840.4816 118979.40 J 
420.1913 237986.86 J 167.3408 7 840.3825 118993.43 J 
420.1217 238026.27 J 167.2404 5 840.2434 119013.13 3 
420.0546 238064.27 J 167.1436 12 840.1093 119032.14 ] 
419.9342 238132.54 J 166.9698 30 839.8684 119066.27 J 
419.8544 238177.80 J 166.8546 5 839.7088 119088.90 J 
419.8091 238203.51 J 166.7892 28 839.6182 119101. 76 J 
419.7154 238256.67 J 166.6540 25 839.4308 119128.34 J 
419.6797 238276.97 J 166.6024 25 839.3593 119138.49 J 
419.6395 238299.79 J 166.5444 6 839.2790 119149.89 J 
419.5514 238349.84 J 166.4172 15 839.1027 119174.92 J 
419.4750 238393.23 J 166.3070 25 838.9500 119196.61 J 
419.2911 238497.77 J 166.0416 22 838.5823 119248.89 J 
419.2426 238525.36 J 165.9716 18 838.4853 119262.68 J 
419.0902 238612.12 J 165.7516 25 838.1804 119306.06 J 
418.9519 238690.88 J 165.5520 10 837.9038 119345.44 
H8.8569 238745.05 J 165.4148 8 837.7137 119372.52 J 
418.7831 238787.08 J 165.3084 8 837.5663 119393.54 J 
418.7273 238818.92 J 165.2278 3 837.4546 119409.46 J 
418.5936 238895.17 155.0349 10 837.1873 119447.59 J 
418.4752 238962.81 J 164.8639 15 836.9503 119481.40 J 
418.4012 239005.03 J 164.7572 8 836.8025 119502.51 J 
418.3487 239035.03 J 164.6814 4 836.6974 119517.52 J 
418.2514 239090.62 J 164.5410 12 836.5029 119545.31 J 
418.1992 239120.49 J 164.4656 3 836.3984 119560.25 J 
418.1409 239153.85 J 164.3814 25 836.2817 119576.93 J 
418.0519 239204.74 J 164.2530 25 836.1038 119602.37 J 
417.9858 239242.57 J 164.1576 6 835.9716 119621.28 J 
417.9192 239280.73 J 164.0614 6 835.8383 119640.36 J 
417.8612 239313.89 J 163.9778 6 835.7225 119656.95 J 
417.7773 239361.99 ] 163.8566 6 835.5545 119681.00 J 
417.6441 239438.31 * 163.6644 90 835.2882 119719.16 * 
417.5464 239494.33 J 163.5234 80 835.0928 119747.17 J 
417.4721 239536.94 j 163.4162 10 834.9443 119768.47 J 
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4l7.4182 239567.92 3 163.3383 20 834.8363 119783.96 l 
417 .2320 239674.81 * 163.0696 90 * 834.~640 119837.41 * 
417.1087 2397~5.67 , 162.8916 15 834.2173 119872.84 , 
4l7.02l7 239795.70 3 1E2.7660 25 834.04:'3 11989~.85 3 
416.8721 239881. 71 . 162.5502 90 * 8~3.7443 119940.35 * 
416.6628 240002.25 . 162.2480 60 * 833.3255 120001.13 * 
416.5863 240046.32 , 162.l376 20 833.1725 120023.16 3 
416.4663 240115.49 * 161. 9644 60 * 832.9325 120057.74 * 
416.3809 240164.71 * 161.5412 60 * 832.7618 120082.36 * 
416.2235 240255.54 ) 161.6140 6 832.4470 120127.77 , 
416.1440 240301. 46 3 161. 4992 5 832.2879 120150.73 l 
416.0837 240336.27 3 161. 4122 6 832.1673 120168.14 , 
416.0339 240365.01 , 161.3404 5 832.0679 1L0182.51 l 
415.9678 240403.21 3 161.2450 22 831.9357 120201.60 3 
415.9030 240440.69 3 161.1514 6 831.8060 120220.35 3 
415.8392 240477.55 3 161.0594 12 831.6785 120238.77 3 
415.7799 240511.85 3 160.9738 8 831.5599 120255.93 3 
415.7097 240552.50 3 160.8724 10 831.4193 120276.25 3 
415.5748 240630.58 3 160.6777 22 831.1496 120315.29 3 
415.4543 240700.37 3 160.5038 5 830.9086 120350.18 ) 
415.4036 240729.75 3 160.4306 8 830.8071 120364.88 3 
415.3052 240786.78 3 160.2886 10 830.6104 120393.39 3 
415.2078 240843.28 3 160.1480 12 830.4155 120421.64 3 
415.1413 240881.86 3 160.0520 9 830.2825 120440.93 3 
415.0614 240928.19 3 159.9368 15 830.1229 120464.09 3 
414.9874 240971.15 3 159.8300 18 829.9749 120485.57 3 
414.9315 2E003.62 3 159.7493 7 829.8631 120501. 81 ) 
414.8597 2H045.36 3 159.6456 20 829.7194 120522.68 3 
414.7904 241085.62 3 159.5456 10 829.5808 120542.81 3 
414.5834 241206.01 3 159.2468 8 829.1667 120603.00 3 
414.5141 241246.32 3 159.1468 15 829.0282 120623.16 3 
414.4411 241288.83 3 159.0414 14 828.8821 120644.42 3 
414.3765 241326.43 3 158.9482 12 828.7530 120663.22 3 
414.3042 241368.57 3 158.8438 10 828.6083 120684.28 ) 
414.250'1 241400.06 3 158.7658 10 828.5002 120700.03 3 
414.2019 241428.16 3 158.6962 9 828.4038 120714.08 3 
414.0725 241503.62 3 158.5094 15 828.1449 120751.81 3 
413.9681 241564.50 3 158.3588 15 827.9362 120782.25 3 
413.8302 241645.02 3 158.1597 15 827.6603 120822.51 3 
4l3.7709 241679.62 3 158.0742 12 827.5419 120839.81 3 
4l3.7219 241708.27 3 158.0034 8 827.4438 120854.14 3 
4l3.6737 241736.45 3 157.9338 25 827.3473 120868.22 J 
4l3.5729 241795.33 3 157.7884 25 827.l458 120897.67 3 
4l3.5330 241818.67 3 157.7308 5 827.0660 120909.33 3 
413.4233 241882.86 3 157.5724 12 826.8465 120941.43 3 
413.3404 241931.35 3 157.4528 4 826.6808 120965.68 3 
4l3.2827 241965.10 3 157.3696 7 826.5655 120982.55 3 
4l3.1461 242045.12 3 157.1724 12 826.2922 121022.56 3 
4l3.0665 242091.77 3 157.0575 8 826.1330 121045.88 3 
4l3.0060 242127.22 3 156.9702 8 826.0120 121063.61 3 
412.9217 242l76.67 3 156.8485 22 825.8434 121088.33 
412.8437 242222.39 3 156.7360 12 825.6875 121111.20 3 
412.7562 242273.78 , 156.6096 12 825.5123 121136.89 3 
412.6881 2423l3.73 3 156.5114 8 825.3763 121156.86 3 
412.6534 242334.15 3 156.4612 10 825.3067 121167.08 3 
412.4553 242450.50 3 156.1754 25 824.9107 121225.25 3 
412.3715 242499.79 3 156.0544 40 824.7430 121249.89 3 
412.2374 242578.69 3 155.8608 12 824.4747 121289.35 3 
412.1902 242606.42 3 155.7928 4 824.3805 121303.21 3 
412.1200 242647.78 3 155.6914 18 824.2400 12l323.89 3 
412.0149 242692.01 3 155.5830 6 824.0898 121346.00 3 
411.9321 242758.46 3 155.4202 15 823.8642 121379.23 3 
411.8696 242795.30 3 155.3300 25 823.7392 12l397.65 3 
411.7700 242854.05 3 155.1862 22 823.5399 121427.02 3 
411.6930 242899.42 3 155.0752 3 823.3861 121449.71 3 
411.6204 242942.26 3 154.9704 18 823.2409 121471.13 3 
411.5531 242982.02 3 154.8732 20 823.1062 121491.01 3 
411.5018 243012.29 3 154.7992 7 823.0036 121506.15 3 
411.3790 20084.82 3 154.6220 12 822.7581 121542.41 3 
411.2790 243143.95 , 154.4776 30 822.5580 121571.98 
411.2047 243187.87 3 154.3704 6 822.4094 121593.94 3 
411.1562 243216.56 3 154.3004 25 822.3124 121608.28 3 
411.0686 243268.38 3 154.1740 20 822.l373 121634.19 3 
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H1.0204 243296.92 3 154.1044 10 822.0408 121648.46 J 
410.8950 243371.17 3 153.9234 12 821.7900 121685.59 3 
410.8458 243400.32 3 153.8524 30 821.6916 121700.16 3 
410.7639 243448.84 3 153.7342 8 821.5278 121724.42 3 
410.7172 2D470.52 3 153.6668 20 821.4344 121738.26 3 
410.6561 243512.76 3 153.5786 12 821.3122 121756.38 J 
410.6256 243530.84 3 153.5346 8 821. 2512 121765.42 3 
410.5459 243578.10 3 153.4196 3 821.0919 121789.05 J 
410.4919 243610.17 3 l53.3416 18 820.9838 121805.08 J 
410.3900 243670.63 J 153.1946 18 820.7601 121835.31 3 
410.3158 243714.74 3 153.0874 25 820.6315 121857.37 J 
410.2175 243773.11 3 152.9456 15 820.4350 121886.55 J 
410.1769 243797.24 J 152.8870 8 820.3538 121898.62 J 
410.0432 243876.75 J 152.6940 15 820.0864 121938.37 3 
409.9740 243917.88 3 152.5942 35 819.9431 121958.94 3 
409.8824 243972.39 J 152.4620 20 819.7649 121986.19 3 
409.8132 244013.64 3 152.3620 18 819.6263 122006.82 3 
409.7795 244033.69 3 152.3134 10 819.5590 122016.84 3 
409.6534 244108.81 3 152.1314 12 819.3068 122054.40 3 
409.5741 244156.05 3 152.0170 12 819.1482 122078.03 3 
409.4804 244211.91 3 151.8818 10 818.9609 122105.95 3 
409.4155 244250.67 3 151. 7880 5 818.8309 122125.34 3 
409.3736 244275.64 3 151.7276 8 818.7472 122137.82 3 
409.2880 244326.75 3 151.6040 22 818.5759 122163.38 3 
409.1891 244385.79 3 151.4613 20 818.3782 122192.89 3 
409.1516 244408.18 , 151.4072 20 818.3032 122204.09 3 
409.0782 244452.06 J 151.3012 22 818.1563 122226.03 , 
408.9722 244515.42 , 151.1482 4 817.9443 122257.71 3 
408.8867 244566.55 J 151.0248 20 817.7733 122283.28 J 
408.8016 244617.46 J 150.9020 25 817.6031 122308.73 J 
408.6948 244681. 36 3 150.7479 35 817.3896 122340.68 3 
408.6295 244720.48 3 150.6536 12 817 .2589 122360.24 , 
408.5689 244756.76 3 150.5662 7 817.1378 122378.38 3 
408.5332 244778.18 , 150.5146 10 817.0663 122389.09 3 
408.4172 244847.65 3 150.3473 15 816.8345 122423.82 3 
408.3405 244893.68 , 150.2365 10 816.6809 122446.84 3 
408.2803 244929.80 3 150.1496 10 816.5605 122464.90 3 
408.2221 244964.68 3 150.0657 11 816.4442 122482.34 , 
408.0786 245050.86 3 149.8585 40 816.1571 122525.43 3 
407.9774 245111.62 3 149.7125 38 815.9548 122555.81 , 
407.9187 245146.88 3 149.6278 6 815.8374 122573.44 3 
407.8760 245172.53 3 149.5662 4 815.7521 122586.27 3 
407.8338 245197.90 3 149.5053 6 815.6677 122598.95 3 
407.7756 245232.94 3 149.4212 35 815.5511 122616.47 , 
407.7240 245263.94 3 149.3468 6 815.4480 122631.97 3 
407.6551 245305.42 3 149.2473 8 815.3101 122652.71 3 
407.5859 245347.04 3 149.1475 10 815.1718 122673.52 3 
407.5369 245376.53 3 149.0768 8 815.0739 122688.27 3 
407.4735 245414.75 , 148.9852 10 . 3 814.9469 122707.38 3 
407.4250 245443.97 3 148.9152 5 814.8499 122721.98 3 
407.3702 245476.95 3 148.8362 35 814.7405 122738.47 3 
407.3095 245513.53 3 148.7486 10 814.6191 122756.76 , 
407.2418 ~45554.38 3 148.6508 35 814.4835 122777.19 3 
407.1370 245617.56 3 148.4996 40 814.2740 122808.78 3 
407.0649 245661.04 3 148.3956 7 814.1299 122830.52 3 
407.0083 245695.25 3 148.3138 15 814.0165 122847.63 3 
406.9052 245757.51 3 148.1650 25 813.8103 122878.75 3 
406.8495 245791.16 3 148.0846 12 813.6989 122895.58 , 
406.7929 245825.32 3 148.0030 12 813.5859 122912.66 3 
406.7384 245858.27 3 147.9243 18 813.4768 122929.14 3 
406.5971 245943.70 , 147.7204 20 813.1942 122971. 85 3 
406.5374 245979.83 3 147.6342 10 813.0748 122989.92 3 
406.4925 246007.00 3 147.5694 18 812.9850 123003.50 3 
406.4265 246046.93 3 147.4742 15 812.8531 123023.46 3 
406.3453 246096.14 3 147.3569 15 812.6905 123048.07 3 
406.2709 246141.18 3 147.2496 20 812.5418 123070.59 3 
406.2049 246181.15 3 147.1544 8 812.4099 123090.57 3 
406.1099 246238.77 3 147.0172 18 812.2198 123119.39 3 
406.0707 216262.55 , 146.9606 18 812.1413 123131.28 
405.9791 246318.12 3 146.8284 15 811.9581 1231:>9.06 , 
405.8810 246377.66 3 146.6868 15 811.7619 123188.83 3 
405.8125 246419.22 3 146.5880 20 811.6250 123209.61 3 
405.7587 246451.87 3 146.5104 20 811.5175 123225.94 3 
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405.6569 246513.75 J 146.3634 12 811.3138 2.23256.88 J 
405.5899 246554.43 , '.46.2668 15 811.1799 123277.22 J 
~05.5243 246594.37 3 146.1720 12 811.0485 123297.19 3 
405.4131 246661. 97 3 146.0116 40 810.8262 123330.99 3 
405.3646 246691.48 J 145.9416 12 810.7292 123345.74 J 
405.3142 2~6722.19 3 145.8688 5 810.6284 123361.09 3 
405.2725 246747.58 3 145.8086 15 810.5449 123373.79 3 
405.2125 246784.12 3 145.7220 25 810.4249 123392.06 J 
405.1465 2~6824.30 , 145.6268 12 810.;:',30 123412.15 3 
405.0950 246855.71 3 145.5524 10 810.1899 123427.85 , 
404.9979 246914.83 3 145.4124 20 809.9959 123457.42 J 
404.9050 246971.54 J 145.2782 12 809.8099 123495.77 , 
404.8407 247010.76 3 145.1854 18 809.6813 123505.38 3 
404.7801 247047.72 , 145.0980 20 809.5602 123523.86 3 
-104.6665 247117.09 , 144.9340 10 809.3329 123558.54 , 
404.5964 247159.92 , 144.8328 8 809.1927 123579.96 , 
404.5570 247183.96 , 144.7760 14 809.1140 123591.98 , 
404.5057 247215.29 , 144.7020 10 809.0114 123607.65 , 
404.4485 247250.28 , 144.6194 15 808.8970 123625.14 , 
404.3993 247280.35 , 144.5484 7 808.7986 123640.18 3 
404.3512 247309.76 3 144.4790 15 808.7024 123654.88 3 
404.2873 247348.84 3 144.3868 30 808.5746 123674.42 3 
404.1799 247414.56 3 144.2318 12 808.3599 123707.28 , 
404.0878 247470.99 3 144.0988 14 808.1755 123735.49 , 
404.0325 247504.85 3 144.0190 15 808.0650 123752.43 3 
403.9678 247544.50 3 143.9256 30 807.9355 123772.25 3 
~03.8831 247596.40 3 143.8034 28 807.7662 123798.20 3 
403.7789 2n660.30 , 143.6530 22 807.5578 123830.15 , 
403.6980 247709.95 , 143.5362 6 807.3959 123854.98 , 
403.6248 247754.86 3 143.4306 25 807.2496 123877.43 3 
403.5473 247802.41 , 143.3188 15 807.0946 123901.21 3 
403.4223 247879.24 3 143.1383 70 806.8445 123939.62 3 
403.3532 247921.69 3 143.0386 25 806.7063 123960.85 3 
403.9757 247539.66 , 143.9370 50 807.9513 123769.83 3 
403.2030 248014.06 3 142.8218 35 806.4059 124007. ()3 3 
403.0436 248112.12 3 142.5918 75 806.0872 124056.06 3 
402.9629 248161.78 3 142.4754 35 805.9259 124080.89 3 
402.9035 248198.40 , 142.3896 8 805.8070 124099.20 3 
402.8012 248261.42 3 142.2420 20 805.6024 124130.71 , 
402.7563 248289.09 ] 142.1772 20 805.5126 124144.55 , 
402.6299 248367.03 ] 141.9948 16 805.2599 124183.51 3 
402.4758 248462.12 ] 141.7724 25 804.9517 124231.06 3 
402.4083 248503.79 3 141.6750 25 804.8167 124251.90 3 
402.3411 248545.31 3 141.5780 4 804.6823 124272.65 3 
402.2928 248575.19 3 141.5082 7 804.5855 124287.59 3 
402.1502 248663.33 3 141.3024 22 804.3003 124331.66 3 
402.0487 248726.07 3 141.1560 18 804.0975 124363.03 3 
402.0081 248751.19 3 141.0974 12 804.0163 124375.59 3 
401.9528 248785.41 3 14l.0176 15 803.9057 124392.70 3 
401.9025 248816.55 3 140.9450 10 803.8051 124408.27 3 
401.8495 248849.37 3 140.8685 15 803.6991 124424.68 3 
401.7447 248914.30 3 140.7172 35 803.4894 124457.15 ] 
401.6642 248964.20 3 140.6010 10 803.3284 124482.10 3 
401.5650 249025.72 3 140.4578 10 803.1299 124512.86 3 
401.5109 249059.24 3 140.3798 10 803.0218 124529.62 3 
401.4220 249114.39 ) 140.2515 25 802.8440 124557.20 3 
401.3384 249166.30 3 140.1308 8 802.6768 124583.15 3 
401.2734 249206.66 3 140.0370 8 802.5468 124603.33 3 
401.2109 249245.48 3 139.9468 7 802.4218 124622.74 3 
401.1392 249290.00 ) l39.8434 15 802.2785 124645.00 ) 
401.1096 249308.43 3 139.8006 10 802.2192 124654.21 3 
401.0474 249347.11 3 139.7108 20 802.0947 124673.55 3 
400.9815 249388.04 3 139.6158 15 801. 9631 124694.02 3 
400.8564 249465.90 3 139.4352 12 801.7128 124732.95 3 
400.8165 249490.74 3 139.3776 8 801. 6330 124745.37 3 
400.7416 249537.37 ] 139.2695 40 801.4832 124768.68 3 
400.6528 249592.65 3 l39.1414 10 801.3056 124796.33 3 
400.5756 249640.79 ) 139.0299 40 801.1511 124820.39 3 
400.4833 249698.28 3 138.8968 8 800.9667 124849.14 3 
400.4296 249731.81 3 138.8192 8 800.85,;1 124865.90 , 
400.3879 249757.82 3 138.7590 4 800.7757 124878.91 3 
400.3245 249797.33 ) 138.6676 35 800.6491 124898.67 3 
400.2496 249844.08 3 138.5595 12 800.4993 124922.04 3 
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400.1524 249904.78 3 138.4192 8 800.3048 124952.39 3 
~00.1214 249924.17 , 138.3744 10 800.2427 124962.08 , 
400.0726 2~9954.64 3 138.3040 15 800.1452 124977.32 J 
39'1.9890 250006.86 , 139.1834 25 799.9781 125003.43 3 
399.9371 2::0039.34 J 138.:084 4 ~99.87H 1250'-9.67 , 
3'-9.8956 250065.25 , 138.0486 8 799.7912 125032.63 J 
3~9~a287 250107.12 , 137.9520 20 799.6574 125053.56 J 
]j9. :652 250146.82 J 137.8604 20 799.5304 125073.41 J 
399.7103 250181.17 J 137.7812 20 799.4207 125090.58 J 
399.6570 250214.57 J 137.7042 4 799.3140 125107.28 3 
399.5980 25025:.53 J 137.6190 25 799.1959 125125.77 ) 
399.5202 250300.23 J 137.5068 12 799.0404 125150.11 J 
399.4362 250352.90 J 137.3855 35 798.8723 125176.45 ) 
399.3852 250384.82 J 137.3120 4 798.7705 125192.41 ) 
399.3065 250434.18 3 137.198~ 7 798.6130 125217.09 1 
399.2525 250468.08 3 137.1204 25 798.5049 125234.04 3 
399.1519 250531.21 3 136.9752 23 798.3037 125265.61 , 
399.1113 250556.70 3 136.9166 5 798.2225 125278.35 ) 
399.0282 250608.82 3 136.7968 25 798.0565 125304.41 3 
398.8820 250700.68 3 136.5858 18 797.7641 125350.34 3 
398.8176 250741.19 J 136.4928 6 797.6352 125370.59 3 
398.7670 250773.04 3 136.4197 6 797.5339 125386.52 J 
398.7300 250796.26 3 136.3664 6 797.4600 125398.13 3 
398.6972 250816.92 , 136.3190 7 797.3944 125408.46 3 
398.6287 250860.00 J 136.2202 18 797.2574 125430.00 3 
398.5726 250895.32 , 136.1392 4 797.1452 125447.66 ) 
398.5305 250921.85 , 136.0784 5 797.0609 125460.92 ) 
398.4889 250948.03 J 136.0184 10 796.9778 125474.01 , 
398.4317 250984.07 J 135.9358 20 796.8633 125492.04 , 
398.3398 251041.96 3 135.8032 50 796.6796 125520.98 3 
398.2496 251098.83 3 135.6730 15 796.4991 125549.42 ) 
398.1891 251136.94 3 135.5858 7 796.3783 125568.47 3 
398.1042 251190.52 , 135.4632 5 796.2084 125595.26 3 
398.0700 251212.12 3 135.4138 8 796 .1399 125606.06 3 
398.0154 251246.59 3 135.3350 35 796.0307 125623.29 3 
397.8218 251368.85 3 135.0556 12 795.6435 125684.43 J 
397.7642 251405.20 3 134.9726 12 795.5285 125702.60 3 
397.7387 251421.32 3 134.9358 10 795.4775 125710.66 3 
397.6700 251464.77 3 134.8366 12 795.3400 125732.39 3 
397.6020 251507.81 3 134.7384 10 795.2039 125753.90 J 
397.5403 251546.82 3 134.6494 10 795.0806 125773.41 3 
397.4631 251595.68 3 134.5380 10 794.9262 125797.84 3 
397.3927 251640.25 3 134.4364 25 794.7854 125820.12 3 
397.3405 251673.34 3 134.3610 5 794.6809 125836.67 ) 
397.3000 251698.97 3 134.3026 5 794.6000 125849.48 3 
397.2532 251728.65 3 134.2350 15 794.5063 125864.32 ) 
397.1875 251770.23 3 134.1403 15 794.3751 125885.12 3 
397.1404 251800.15 3 134.0722 6 794.2807 125900.07 3 
397.0729 251842.95 3 133.9748 10 794.1457 125921.47 3 
397.0289 251870.86 3 133.9113 12 794.0577 125935.43 3 
396.9520 251919.62 3 133.8004 8 793.9040 125959.81 3 
396.8913 251958.14 3 133.7128 5 793.7826 125979.07 3 
396.8230 252001.52 3 133.6142 10 793.6460 126000.76 3 
396.7390 252054.87 J 133.4930 8 793.4780 126027.43 3 
396.6678 252100.13 , 133.3902 8 793.3356 126050.06 3 
396.6147 252133.87 3 133.3136 8 793.2294 126066.93 J 
396.5203 252193.88 3 133.1774 38 793.0407 126096.94 3 
396.4567 252234.34 3 133.0856 6 792.9135 126117.17 3 
396.3873 252278.52 3 132.9854 25 792.7746 126139.26 3 
396.3051 252330.83 3 132.8668 10 792.6102 126165.42 3 
396.2606 252359.16 3 132.8026 10 792.5213 126179.58 3 
396.1947 252401.18 J 132.7074 5 792.3893 126200.59 3 
396.1171 252450.63 3 132.5954 20 792.2341 126225.31 3 
396.0283 252507.21 3 132.4673 25 792.0566 126253.60 3 
395.9635 252548.52 3 132.3738 6 791.9270 126274.26 3 
395.8876 252596.97 3 132.2642 25 791.7751 126298.49 3 
395.8044 252650.04 3 132.1442 8 791.6088 126325.02 3 
395.7404 252690.91 3 132.0518 28 791. 4808 126345.46 3 
395.5458 252815.21 J 131.7710 20 791.0916 126407.61 3 
395.4616 252869.08 3 131.6494 12 790.9231 126434.54 J 
395.4140 252899.47 3 131.5808 8 790.8281 126449.74 3 
395.3332 252951.16 3 131.4642 12 790.6665 126475.58 3 
395.2700 252991.60 3 131.3730 4 790.5401 126495.80 J 
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395.1039 253098.00 * 131.1332 80 * 790.2078 126549.00 * 
395.0569 253123.09 3 131.0654 60 790.1138 126564.05 3 
394.9865 253173.21 3 130.9638 10 789.9730 126586.61 3 
394.9230 253213.90 3 130.8722 25 '89.8461 126606.95 3 
394.8763 2::3243.35 3 l30.80B 5 789.7526 l26621. S'2 3 
394.7886 253300.12 3 130.6782 35 789.5772 126650.06 3 
394.6364 253397.79 3 130.4586 25 789.2729 126698.89 , 
394.5581 253448.07 3 :30.3456 10 789.1163 126724.04 3 
394.5038 253482.98 3 130.2672 4 789.0076 l267H.49 J 
394.4209 253536.24 , 130.1476 15 788.8419 126768.12 3 
394.3653 253572.01 3 130.0673 7 788.7306 126786.00 3 
394.2526 253E44.52 3 129.9046 20 788.5051 126822.26 3 
394.2003 253678.13 3 129.8292 10 788.4006 126839.07 3 
394.0933 253747.00 , 129.6748 12 788.1867 126873.50 3 
394.0490 253775.56 , 129.6108 15 788.0980 126887.78 1 
393.8583 253898.43 . 129.3356 100 * 787.7166 126949.21 * 
393.7853 253945.47 3 129.2303 20 787.5706 126972.74 3 
393.7298 253981.27 3 129.1502 8 787.4596 126990.64 3 
393.6754 254016.41 3 129.0716 25 787.3507 127008.20 3 
393.6169 254054.15 3 128.9872 6 787.2337 127027.07 3 
393.5829 254076.07 3 128.9382 4 787.1658 127038.03 3 
393.5287 254111.10 3 128.8599 35 787.0573 127055.55 3 
393.4418 254167.22 3 128.7345 5 786.8835 127083.61 3 
393.3983 254195.29 3 128.6718 4 786.7967 127097.64 3 
393.3605 254219.73 3 128.6172 5 786.7210 127109.87 3 
393.3131 254250.37 3 128.5488 6 786.6262 127125.18 3 
393.2413 2S429c.78 3 128.4452 50 786.4826 127148.39 3 
393.2031 254321. 52 3 128.3900 20 786.4061 127160.76 3 
393.1634 254347.16 3 128.3328 15 786.3268 127173.58 ) 
393.0720 254406.34 3 128.2008 22 786.1439 127203.17 ) 
393.0123 254444.96 3 128.1147 15 786.0246 127222.48 3 
392.9614 254477.90 3 128.0413 4 785.9229 127238.95 3 
392.9155 254507.65 3 127.9750 15 785.8310 127253.83 3 
392.8724 254535.57 3 127.9128 14 785.7448 127267.79 , 
392.8102 254575.89 3 11.7.8230 18 785.6203 127287.95 3 
392.6843 254657.47 3 127.6414 15 785.3687 127328.74 , 
392.6017 254711.05 3 127 . 5222 15 785.2035 127355.52 3 
392.5527 254742.88 3 127.4514 4 785.1054 127371.44 3 
392.5129 254768.69 3 127.3940 10 785.0258 127384.35 3 
392.4693 254797.03 3 127.3310 12 784.9385 127398.51 3 
392.4038 254839.50 3 127.2366 30 784.8077 127419.75 3 
392.3028 254905.1.3 3 127.0908 25 784.6056 127452.57 3 
392.2558 254935.66 3 127.0230 20 784.5117 127467.83 3 
392.1976 254973.50 3 126.9390 10 784.3953 127486.75 , 
392.1590 254998.64 , 126.8832 15 784.3179 127499.32 3 
392.0610 255062.36 , 126.7418 30 784.1220 127531.18 , 
392.0039 255099.51 , 126.6594 5 784.0078 127549.76 , 
391.9365 255143.35 3 126.5622 10 783.8731 127571.68 3 
391.8937 255171.23 3 126.5004 3 783.7874 127585.62 3 
391.8426 255204.53 3 126.4266 12 783.6851 127602.27 , 
391.6150 255352.83 3 126.0982 25 783.2300 127676.41 3 
391.4815 255439.92 3 125.9055 7 782.9630 127719.96 , 
391.4093 255487.04 3 125.8013 20 782.8186 127743.52 3 
391.3186 255546.26 3 125.6704 10 782.6372 127773.13 3 
391.2731 255576.00 3 125.6047 8 782.5461 127788.00 3 
391.2277 255605.65 3 125.5392 8 782.4553 127802.82 3 
391.1054 255685.53 3 125.3628 20 782.2109 127842.77 3 
391.0531 255719.74 J 125.2873 28 782.1062 127859.87 3 
390.9879 255762.38 J 125.1932 7 781. 9758 127881.19 3 
390.9462 255789.67 , 125.1.330 15 781.8924 127894.84 3 
390.8807 255832.52 3 125.0385 10 781.7614 127916.26 3 
390.8389 255859.88 , 124.9782 6 781.6779 127929.94 ) 
390.8065 255881.11 3 124.9314 5 781.6130 127940.55 ) 
390.6664 255972.88 3 124.7292 15 781. 3328 127986.44 3 
390.6204 256003.03 J 124.6628 10 781. 2408 128001.51 3 
390.5601 256042.54 3 124.5758 10 781.1202 128021.27 , 
390.4995 256082.25 3 124.4884 35 780.9991 128041.13 3 
390.4133 256138.79 3 124.3640 5 780.8267 128069.40 3 
390.3588 256174.58 3 124.2853 4 780.7176 128087.29 3 
390.3008 256212.64 J 124.2016 10 780.6016 128106.32 
390.1917 256284.26 3 124.0442 30 780.3835 128142.13 3 
390.0463 256379.83 J 123.8343 15 780.0926 128189.91 3 
389.9800 256423.43 3 123.7386 35 779.9599 128211. 71 3 
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389.9539 256440.56 * 123.7010 35 * 779.9078 128220.28 * 
389.9026 256474.28 , 123.6270 35 779.8053 128237.14 , 
389.8723 2560194.25 J 123.5832 25 779.7446 128247.12 j 
389.8094 256535.65 , 123.492-1 15 779.6187 128267.82 , 
389.7379 256582.72 , 123.3892 25 779.4757 128291. 36 3 
389.6555 256636.93 , 123.2704 18 779.3111 128318.46 J 
389.5785 256687.69 J 123.1592 20 779.1570 128343.84 J 
389.5316 256718.55 J 123.0916 15 779.0633 128359.28 J 
389.4334 256783.33 J 122.9498 28 778.8668 128391.66 3 
339.3423 256843.42 J 122.8183 35 778.6845 128421.71 J 
389.2828 256882.65 J 122.7325 20 773.5656 128441.33 J 
339.1911 256943.16 J 122.6002 4 778.3823 128471.58 J 
389.1217 256989.01 , 122.50GO 10 778.2434 128494.50 J 
389.0877 257011.43 3 122.4510 7 778.1755 128505.72 J 
388.9784 257083.68 1 122.2932 10 777.9568 128541. 84 1 
388.9202 257122.16 1 122.2092 15 777.8404 128561.08 1 
388.8596 257162.20 1 122.1218 7 777.7193 128581.10 1 
388.8314 257180.90 1 122.0810 7 777.6627 128590.45 1 
388.7867 257210.47 1 122.0165 25 777.5733 128605.23 J 
388.7636 257225.73 , 121.9832 10 777.5272 128612.87 3 
388.7109 257260.58 1 121. 9072 5 777.4219 128630.29 3 
388.6694 257288.10 1 121.8472 20 777 . 3387 128644.05 3 
388.5848 257344.08 1 121.7252 30 777.1696 128672.04 1 
388.4982 257401.45 1 121.6002 12 776.9964 128700.73 3 
388.3812 257478.97 , 121.4314 25 776.7625 128739.49 3 
388.3171 257521.52 3 121.3388 20 776.6341 128760.76 1 
388.2~89 257566.75 1 121.2404 20 776.4977 128783.37 1 
388.2097 257592.77 1 121.1838 5 776.4193 128796.38 3 
388.1610 257625.05 1 121.1136 3 776.3220 128812.53 J 
388.0925 257670.50 1 121.0148 12 776.1851 128835.25 J 
388.0249 257715.41 1 120.9172 8 776.0498 128857.70 1 
387.9883 257739.71 3 120.8644 18 775.9767 128869.86 J 
387.9079 257793.12 1 120.7484 5 775.8159 128896.56 1 
387.7278 257912.91 1 120.4884 30 775.4556 128956.45 3 
387.6428 257969.43 1 120.3658 30 775.2857 128984.72 3 
387.5480 258032.53 1 120.2290 3 775.0961 129016.27 1 
387.5170 258053.20 1 120.1842 6 775.0340 129026.60 J 
387.3806 258144.05 1 119.9874 12 774.7612 129072.02 1 
387.2467 258233.29 1 119.7942 50 774.4935 129116.64 3 
387.1980 258265.82 1 119.7238 20 774.3959 129132.91 1 
387.1409 258303.92 1 119.6414 20 774.2817 129151.96 ) 
387.1034 258328.88 1 119.5874 8 774.2069 129164.44 3 
387.0346 258374.81 1 119.4881 6 774.0693 129187.41 3 
386.9880 258405.95 1 119.4208 25 773.9760 129202.97 3 
386.9129 258456.11 1 119.3124 10 773.8258 129228.06 1 
386.8525 258496.48 3 119.2252 25 773.7049 129248.24 1 
386.8107 258524.36 , 119.1650 4 773.6215 129262.18 J 
386.7761 258547.52 3 119.1150 12 773.5522 129273.76 1 
386.7024 258596.82 1 119.0086 30 773.4047 129298.41 3 
386.6503 258631.67 1 118.9334 4 773.3005 129315.83 J 
386.5975 258666.99 , 118.8572 20 773.1949 129333.50 1 
386.5326 258710.40 3 118.7636 20 773.0652 129355.20 1 
386.4474 258767.45 1 118.6406 20 772.8947 129383.73 J 
386.3745 258816.28 1 118.5354 35 772.7489 129408.14 1 
386.2615 258891.96 J 118.3724 12 772.5230 129445.98 1 
386.1996 258933.49 1 118.2830 40 772.3991 129466.74 3 
386.0547 259030.63 1 118.0740 10 772.1095 129515.31 3 
385.9467 259103.13 1 117.9181 35 771. 8934 129551.57 J 
385.9027 259132.67 1 117.8546 10 771. 8054 129566.34 1 
385.8460 259170.74 1 117.7728 6 771. 6920 129585.37 1 
385.7746 259218.69 1 117.6698 15 771.5493 129609.35 3 
385.7270 259250.73 1 117.6010 35 771.4539 129625.37 3 
385.6945 259272.53 1 117.5542 12 771.3891 129636.27 J 
385.6416 259308.12 J 117.4778 20 771. 2832 129654.06 1 
385.5823 259348.01 1 117.3922 4 771.1646 129674.01 1 
385.4976 259404.98 1 117.2700 4 770.9952 129702.49 3 
385.4459 259439.77 1 117.1954 5 770.8918 129719.89 3 
385.4125 259462.26 J 117.1472 20 770.8250 129731.13 3 
385.3698 259491.00 J 117.0856 20 770.7397 129745.50 1 
385.2840 259548.77 > 116.9618 4 770.5681 129771.39 J 
385.1777 259620.45 1 116.8083 30 770.3553 129810.22 J 
385.1141 259663.29 1 116.7166 30 770.2283 129831.64 3 
385.0666 259695.34 1 116.6480 30 770.1332 129847.67 3 
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384.9795 259754.10 3 116.5223 28 769.9590 129877 .05 3 
384.8072 259870.43 J 116.2736 8 769.6143 129935.22 3 
38~.7324 259920.89 3 116.1658 5 769.4649 129960.44 3 
384.7036 259940.36 J 116.1242 8 769.4072 129970.18 J 
384.637~ 259385.13 J 116.0286 7 769.2748 129992.57 3 
384.5158 260067.31 3 115.8532 30 769.0317 130033.66 J 
384.4526 260110.06 3 115.7620 30 768.9053 130055.03 3 
384.3617 260171. 59 3 115.6308 10 768.7234 130085.80 J 
384.3059 260209.40 3 115.5502 7 768.6117 130104.70 J 
384.2597 260240.65 J 115.4836 10 768.5194 130120.33 J 
384.1817 260293.51 3 115.3710 5 768.3634 130146.75 3 
384.0876 260357.28 3 115.2352 8 768.1752 130178.64 J 
384.0356 260392.52 J 115.1602 6 768.0712 00196.26 l 
383.9857 260426.35 3 115.0882 5 767.9714 130213.17 3 
383.9098 260477.87 3 114.9786 25 767.8196 130238.93 3 
383.7420 260591.74 3 ll4.7365 20 767.4840 130295.87 3 
383.6751 260637.16 3 ll4.6400 10 767.3503 130318.58 3 
383.6147 260678.22 3 114.5528 18 767.2294 130339.11 3 
383.5084 260750.47 3 114.3994 8 767.0168 130375.24 3 
383.3792 260838.32 3 114.2130 25 766.7585 130419.16 3 
383.3104 260885.15 3 114.1137 22 766.6209 130442.57 3 
383.2522 260924.82 3 114.0296 22 766.5043 130462.41 3 
383.1777 260975.50 3 113.9222 28 766.3555 130487.75 3 
383.0592 261056.23 3 113.7512 20 766.1185 130528.11 3 
382.9033 261162.53 3 113.5262 18 765.8066 130581.26 3 
382.8286 261213.49 3 113.4184 20 765.6572 130606.74 3 
382.7642 261257.47 3 113.3254 18 765.5284 130628.73 3 
382.6686 261322.76 ) 113.1874 30 765.3371 130661. 38 3 
382.5772 261385.14 3 113.0556 55 765.1544 130692.57 ) 
382.<1607 261464.80 3 l12.8874 5 764.9213 130732.40 ) 
382.4231 261490.48 3 l12.8332 8 764.8462 130745.24 3 
382.3354 261550.48 3 l12.7066 40 764.6707 130775.24 ) 
382.2366 261618.09 3 ll2.5640 20 764.4731 130809.05 3 
382.1829 261654.81 3 112.4866 40 764.3658 130827.40 3 
382.1350 261687.64 3 112.4174 20 764.2699 130843.82 3 
382.0632 261736.82 3 l12.3138 30 764.1264 130868.41 ) 
381.9613 261806.62 3 ll2.1668 12 763.9226 130903.31 3 
381.8808 261861.82 3 l12.0506 40 763.7616 130930.91 3 
381.7759 261933.78 3 l11.8992 5 763.5518 130966.89 3 
381.6753 262002.83 3 1l1.7540 30 763.3505 131001.42 3 
381. 6093 262048.13 3 111.6588 10 763.2186 131024.06 3 
381.5581 262083.25 3 l11.5850 12 763.1163 131041.63 3 
381.4452 262160.86 3 111.4220 30 762.8904 131080.43 3 
381. 3261 262242.71 3 l11.2502 5 762.6523 131121.35 3 
381.2585 262289.23 3 l11.1526 8 762.5170 131144.61 3 
381.1299 262377.74 3 110.9670 9 762.2598 131188.87 3 
381.0016 262466.12 * 110.7818 55 * 762.0031 131233.06 * 
380.9090 262529.91 .1 110.6482 30 761.8180 131264.95 3 
380.8598 262563.82 3 l10.5772 7 761.7196 131281.91 3 
380.7881 262613.23 3 110.4738 15 761.5763 131306.62 3 
380.7578 262634.16 3 llO.4300 15 761.5155 131317.08 3 
380.6800 262687.81 3 l10.3178 18 761.3600 131343.90 3 
380.6048 262739.75 3 l10.2092 25 761.2095 131369.87 3 
380.5604 262770.37 3 110.1452 25 761.1208 131385.18 
380.4559 262842.54 3 109.9944 15 760.9118 131421.27 3 
380.3947 262884.87 109.9060 8 760.7893 131442.43 3 
380.2875 262958.93 J 109.7514 25 760.5751 131479.46 3 
380.2214 263004.65 3 109.6560 45 760.4428 131502.32 ) 
380.1152 263078.15 3 109.5027 40 760.2304 131539.08 3 
379.9815 263170.70 3 109.3098 15 759.9630 131585.35 3 
379.8903 263233.87 3 109.1782 25 759.7806 131616.94 3 
379.8458 263264.70 J 109.1140 20 759.6917 131632.35 J 
379.7154 263355.13 3 108.9258 50 759.4308 131677.56 3 
379.6374 263409.25 3 108.8132 12 759.2748 131704.63 3 
379.5429 263474.85 3 108.6768 50 759.0857 131737.43 3 
379.4720 263524.07 3 108.5745 18 758.9439 131762.04 3 
379.4303 263553.00 3 108.5144 4 758.8606 131776.50 3 
379.3364 263618.28 * 108.3788 55 758.6727 131809.14 * 
379.2517 263677.15 3 108.2566 30 758.5034 131838.57 
379.0748 2638uu.21 3 108.0013 10 758.1495 131900.10 3 
378.9982 263853.50 3 107.8908 8 757.9964 131926.75 3 
378.9439 263891.33 3 107.8124 8 757.8877 131945.67 3 
378.8834 263933.42 3 107.7252 12 757.7669 131966.71 3 
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378.8007 263991.07 3 107.6058 12 757.6014 131995.54 
, 
378.7626 264017.64 3 107.5508 18 757.5252 132008.82 3 
378.6863 264070.78 3 107.4408 15 757.3727 132035.39 ' 
378.6089 26H24.82 3 107.3290 15 757.2178 132062.41 , 
378.4D18 26~269.35 3 107.0302 6 756.8036 132134.67 , 
378.3674 264293.35 , 106.9806 10 756.7349 132146.68 3 
378.3370 264314.65 , 106.9366 25 756.6739 132157.33 , 
378.2814 264353.49 ' 106.8564 15 756.5628 132176.74 , 
378.2490 26B76.10 ' 106.8097 15 756.4980 132188.05 , 
378.2410 264381.67 , 106.7982 15 756.4821 132190.84 3 
378.1400 264452.31 , 106.6524 6 756.2800 132226.16 ' 
378.0876 264488.96 1 106.5768 15 756.1752 132244.48 , 
378.0426 264520.47 , 106.5118 3 756.0852 132260.23 1 
377.9949 264553.83 , 106.4430 18 755.9898 132276.92 3 
377.9217 264605.06 1 106.3374 8 755.8434 132302.53 , 
377.7659 264714.18 1 106.1126 5 755.5319 132357.09 1 
377.6635 264785.97 1 105.9648 35 755.3270 132392.98 1 
377.5210 264885.90 1 105.7592 30 755.0421 132442.95 3 
377.4256 264952.92 3 105.6214 25 754.8511 132476.46 3 
377.2576 265070.89 1 105.3790 10 754.5151 132535.44 1 
377 .1312 265159.73 3 105.1966 8 754.2623 132579.86 ' 
377.0983 265182.83 1 105.1492 12 754.1967 132591.41 3 
377.0247 265234.59 1 105.0430 15 754.0495 132617.29 3 
377.0001 265251.95 1 105.0074 15 754.0001 132625.97 3 
376.9421 265292.71 3 104.9238 5 753.8843 132646.36 3 
376.8918 265328.13 3 104.8512 20 753.7836 132664.06 3 
376.8500 265357.60 , 104.7908 10 753.6999 132678.80 1 
376.7930 265397.71 3 104.7086 10 753.5860 132698.86 3 
376.7552 265424.37 , 104.6540 15 753.5103 132712.18 , 
376.6496 265498.79 1 104.5016 14 753.2991 132749.39 , 
376.5783 265549.01 1 104.3988 25 753.1566 132774.51 ] 
376.4879 265612.75 3 104.2684 8 752.9759 132806.38 1 
376.4672 265627.42 ] 104.2384 6 752.9343 132813.71 ] 
376.3895 265682.24 1 104.1263 25 752.7790 132841.12 , 
376.3533 265707.78 3 104.0741 15 752.7066 132853.89 3 
376.2924 265750.79 ] 103.9862 6 752.5848 132875.40 ] 
376.2505 265780.35 , 103.9258 8 752.5011 132890.18 3 
376.1841 265827.26 J 103.8300 12 752.3683 132913.63 , 
376.1360 265861.30 3 103.7605 20 752.2120 132930.65 ' 
376.0769 265903.08 3 103.6752 15 752.1537 132951.54 3 
376.0199 265943.37 1 103.5930 8 752.0398 132971.68 ] 
375.9190 266014.75 3 103.4474 6 751.8380 133007.37 3 
375.8465 266066.05 3 103.3428 10 751.6930 133033.02 3 
375.7293 266149.08 1 103.1736 35 751.4585 133074.54 , 
375.6596 266198.47 3 103.0730 25 751.3191 133099.24 ] 
375.5872 266249.75 1 102.9686 12 751.1744 133124.87 3 
375.5448 266279.82 3 102.9074 3 751.0896 133139.91 , 
375.4923 266317.07 3 102.8316 22 750.9845 133158.53 3 
375.4310 266360.52 3 102.7432 5 750.8620 133180.26 3 
375.3400 266425.14 3 102.6118 10 750.6799 133212.57 , 
375.2396 266496.39 J 102.4670 4 750.4792 133248.19 3 
375.2076 266519.13 1 102.4208 4 750.4152 133259.56 ' 
375.1147 266585.10 1 102.2868 35 750.2295 133292.55 , 
374.9996 266666.98 1 102.1206 4 749.9991 133333.49 3 
374.9185 266724.65 1 102.0036 10 749.8370 133362.32 , 
374.8581 266767.65 3 101.9164 6 749.7161 133383.82 3 
374.8214 266793.74 1 101.8635 5 749.6428 133396.87 ) 
374.7677 266831.97 3 101.7860 8 749.5354 133415.99 , 
374.6637 266906.00 1 101.6360 18 749.3275 133453 .. 00 3 
374.5982 266952.71 J 101.5414 12 749.1964 133476.36 ] 
374.5584 266981.06 1 101.4840 8 749.1168 133490.53 3 
374.4259 267075.54 1 101.2928 6 748.8518 133537.77 ] 
374.3390 267137.54 3 101.1674 4 748.6780 133568.77 3 
374.2682 267188.09 ' 101.0652 12 748.5364 133594.04 3 
374.2335 267212.83 3 101.0152 25 748.4671 133606.41 3 
374.1953 267240.14 , 100.9600 25 748.3906 133620.07 3 
374.0813 267321.53 3 100.7956 4 748.1627 133660.77 J 
374.0470 267346.10 , 100.7460 5 748.0940 133673.05 3 
373.9410 267421.90 3 100.5930 30 747.8819 133710.95 1 
373.8743 267469.59 3 100.4968 5 747.7486 133734.79 ] 
373.7832 267534.75 3 100.3654 18 747.5665 133767.37 3 
373.7403 267565.45 , 100.3035 5 747.4807 133782.73 ] 
373.6784 267609.76 3 100.2142 10 747.3569 133804.88 3 
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373.6164 267654.24 3 100.1246 12 747.2327 133827.12 3 
373.5548 267698.33 3 100.0358 3 747.1096 133849.16 3 
373.4900 267744.82 3 99.9422 15 746.9799 133872.41 3 
373.4029 267807.23 3 99.8166 12 746.8058 133903.62 3 
373.3204 267866.39 3 99.6976 10 746.6409 133933.19 3 
373.2730 267900.41 3 99.6292 5 7~6.S461 133950.20 3 
373.2286 267932.34 3 99.5650 3 7~6.4571 133966.17 3 
373.1727 267972.44 3 99.4844 30 746.3454 133986.22 3 
373.1296 268003.40 3 99.4222 5 "746.2592 134001.70 3 
373.0775 268040.84 3 99.3470 6 746.1550 134020.n 3 
373.0385 268068.82 3 99.2908 6 746.0771 134034.H 3 
372.9405 268139.25 , 99.1494 20 745.8811 134069.63 3 
372.8755 262186.00 J 99.0556 22 745.7511 134093.0 f) 3 
372.8171 268228.07 3 98.9712 20 745.6341 134114.04 J 
372.6976 268314.06 3 98.7988 5 745.3952 134157.03 3 
372.6327 268360.76 3 98.7052 38 745.2654 134180.38 3 
372.5272 268436.74 3 98.5530 7 745.0545 134218.37 3 
372.4527 268490.48 3 98.4454 38 744.9054 134245.24 3 
372 .3719 268548.75 3 98.3288 10 744.7438 134274.37 3 
372.2960 268603.48 3 98.2193 4 744.5920 134301.74 3 
372 .2267 268653.49 3 98.1193 5 744.4534 134326.74 3 
372.1816 268686.00 3 98.0543 5 744.3633 134343.00 3 
372.1279 268724.78 3 97.9768 5 744.2559 134362.39 3 
372.0373 268790.25 3 97.8460 5 744.0746 134395.13 3 
371.7573 268992.68 3 97.4420 5 743.5147 134496.34 3 
371.7261 269015.25 3 97.3970 8 743.4523 134507.62 3 
371.6761 269051. 46 3 97.3248 25 743.3522 134525.73 3 
371.6158 269095.11 3 97.2378 8 743.2316 134547.56 3 
371.5663 269130.95 3 97.1664 5 743.1327 134565.47 3 
371.5259 269160.21 3 97.1081 4 743.0519 134580.11 3 
371.4485 269216.31 3 96.9964 20 742.8971 134608.15 3 
371.3960 269254.38 3 96.9206 3 742.7920 134627 .19 J 
371.3503 269287.55 3 96.8546 10 742.7005 134643.77 3 
371.1835 269408.51 3 96.6140 10 742.3670 134704.26 , 
371.1347 269443.92 3 96.5436 8 742.2695 134721.96 3 
371.0502 269505.32 3 96.4216 5 742.1004 134752.66 3 
370.9855 269552.34 3 96.3282 8 741.9709 134776.17 3 
370.9410 269584.67 3 96.2640 8 741.8819 134792.34 , 
370.9033 269612.02 3 96.2097 10 741.806 7 134806.01 3 
370.8022 269685.54 3 96.0638 5 741.6045 134842.77 3 
370.6993 269760.46 3 95.9152 4 741. 3985 134880.23 3 
370.6490 269797.02 3 95.8427 12 741.2980 134898.51 3 
370.5214 269889.92 3 95.6586 7 741.0429 134944.96 3 
370.4222 269962.23 3 95.5154 4 740.8444 134981.11 
370.3744 269997.08 3 95.4464 7 740.7488 134998.54 3 
370.2743 270070.05 3 95.3020 4 740.5486 135035.02 3 
370.1822 270137.24 3 95.1691 25 740.3644 135068.62 3 
370.0959 270200.22 3 95.0446 25 740.1919 135100.11 3 
370.0488 270234.63 3 94.9766 4 740.0976 135117.31 3 
369.9885 270278.66 3 94.8896 30 739.9770 135139.33 3 
369.9480 270308.23 3 94.8312 4 739.8961 135154.12 3 
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